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SCOPE 


This  document  provides  Software  Conceptual  Designs  (SCD)  as  approaches 
to  meeting  the  simulator  requirements  of  the  Shuttle  Mission  Simulator  Require- 
ments (SMSR)  report.  These  designs  are  conceptual  only  and  are  not  meant  to  _ 


imply  necessarily  the  best  solution  to  each  problem,  but  only  to  allow  sizing 
the  computer  complex  and  to  provide  at  least  one  solution  to  each  problem. 
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] . 0 Introduction  

■ For  purposes  of  the  study,  the  major  areas  of  the  SCD  were  divided  into 

Malfunction  Insertion,  Flight  Software,  Applications  Software,  and  System 
Software.  Failure  Insertion  Concepts  is  generally  applicable  to  all  three  of 
the  other  areas  since  this  is  the  means  of  introducing  off-nominal  performance 
and  is  implemented  by  Systems  Software  inputs  to  the  Application  Software. 
Flight  Softv/are  refers  to  the  software  developed  for  real  world  use.  This 
*•—  includes  the  on-board  computers  for  Guidance,  Navigation  and  Control , the  Main 
i"  Engines  and  Display.  System  software  includes  the  required  simulator  control 

*'  I *“  « - ~ % - .....  • “ 1 

systems,  as  well  as  the  data  management  system.  The  computer  complex 
includes  the  computer  system  requirements  for  performing  the  simulation  tasks 
i as  well  asthe  time-sharing  requirements.  In  addition,  candidate  computer 

. configurations  are  provided  which  meet  the  requirements.  The  Applications  ^ 

- — Software  is  divided  into  ten  major  systems  by  engineering  discipline.  No  - — 

• , ! ■ r 

attempt  is  made  here  to  arrive  at  an  optimum  distribution  by  work  package. 

‘i  - The  following  pictorial  charts  provide  an  overview  of  the  systems  and 

i | i , . • ' I 

subsystems  covered  in  this  report  and  includes  paragraph  numbers  for  quick 

'reference.  1 .}•;•■'  -.  ■ • ?•.  - r • 1 i j yr 

In  most  cases,  the  operational  on-board  subsystems  have  either  not  been  ' 
developed  or  selected  for  use  in  the  shuttle.  This  has  necessitated  using 

1 ; . . : i 

existing  aerospace  subsystems  as  "like-items"  for  the  SCD.  In  all  conceptual 
'designs,  the  requirements  of  the  real  world  systems  as  expected  on 1 2/31/72 
■'-■are  met.  --  - - - - ••  ••  • - ” -*1 : - ■ “H  — — ; •;  ; 


. I ' .*  ' ‘ 


-399 


DAJE  3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE 

NO. 

1-2 

REV.  ‘ 

BINGHAMTON.  NEW  YORK’ 

REP. 

NO. 

SHUTTLE  MISSIOri  SIMULATOR 
SOFTWARE  TECHNICAL  CONCEPTS 
3.0 


FAILURE 
INSERTION 
CONCEPTS 
--  3.1 


FLIGHT 

SOFTWARE  • 

i 3.2 

...... 

APPLICATIONS 

SOFTWARE 

3.3 


SYSTEM 

SOFTWARE 

:-3.4 


COMPUTER 

COMPLEX 

CONCEPTUAL 

DESIGN 

3.5 


F-398,8 


date  3/23/73 

THE  SINGER  COMPANY 

SIMULATION  PRODUCTS  DIVISION 

REV. 

BINGHAMTON.  NEW  YORK 

PAGE 

NO.  1-3 

REP. 

NO. 

APPLICATIONS 
. SOFTWARE 
3.3 


THERMAL 

SYSTEMS 

3.3.9 


PAYLOAD 

3.3.10 


-FIGURE  1-2 


-'•jVr;-; 
7'“V:  v 


398.8- 


date  3/23/73 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 


date  3/23/73 


REV. 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON.  NEW  YORK 


PAGE  NO.  1-5 


PROPULSION 
SYSTEMS 
' 3.3.2 


. MAIN 
ENGINE 
r 3.3.2. 1 


REACTION 
CONTROL 
-3.3. 2. 2 


' ■’!•"}  : } 

! i :i  • ; i ■ ; ; i l- 

: 1 ; . ■ ' ■ i : 

;■  • : ' T.  1 1 

i ’•  ■!  -!•  ■' 

v •/  j • J ' V -•/ 

• . i • i 

ORBITAL 
MANEUVERING 
3. 3. 2. 3 


AIR  BREATHING 
: ENGINES 
,3. 3. 2. 4 


SOLID  ROCKET 
. MOTORS 
3. 3. 2. 5 


i ' ! L J 

...  j. — ..j. — . 

I - i i. 

< . I ..  I . 


i ' ''  ■ i • ; - r - • | \ ■ i 


...FIGURE  1-4 

. . r i . ; 


1 I . r 


I I 


i . -I  ! :•  .< 


! ' • : I 


u- 


-398-8- 


-398-8  • 


date  3/23/73 


REV. 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON.  NEW  YORK 


PAGE 

NO. 

1-8 

REP. 

NO. 

cate  3/23/73 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 


PAGE  NO. 


1-9 


-398,8- 


date  3/23/73 


REV. 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON . NEW  YORK 


SIMULATOR  ENVIRONMENT 
. 3.3.7 


PAGE 

NO. 

1-10 

REP. 

NO. 

- 

AURAL  CUE 
3.3. 7. 1 

t 

" 

. 

: .VISUAL  (AFT) 

3.3 .7.2  

VISUAL  ..(FWD) 

3. 3.7. 3 . ! 

r ■,  , • 

’ ' i 

..  . ..  MOTION  ..  1........ 

' ,::.r.3 .3.7.4  ' " 

: T 

'vfss&nti 


-398-8- 


DATE  3/23/73 


REV.  ' * 


' THE  SINGER  COMPANY 
c:  twin  at  i riM  ppnnt  ipt<;  n t \j  i i hn 

PAGE  NO.  1-H 

; * r BINGHAMTON . NEW  YORK 

rep;  no.  -' 

-398-8  - 


-39B- 


86C- 


date  3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE  NO.  1-17 

REV. 

BINGHAMTON.  NEW  YORK 

REP. 'NO. 

COMPUTER  COMPLEX 
CONCEPTUAL 
DESIGN 


TASK  DEFINITION 
3.5.1 


COMPUTER 

COMPLEX 

REQUIREMENTS 

3.5.2 


CANDIDATE 
COMPUTER  COMPLEX 
CONFIGURATIONS 
3.5.3 


-398 


F -398-8  - 


date  3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE  NO.  T"19 

REV;. 

binghamton!  new  'york 

REP.  NO. 

COMPUTER  COMPLEX 
- REQUIREMENTS 

3.5.2 


HOST  COMPUTER 
SYSTEM 

- REQUIREMENTS 
3.5.2. 1 


TIME-SHARING 
REQUIREMENTS 
3.5. 2. 2 


, 1 t 

» ; 

. . .Jr 

ON-LINE 
PERIPHERAL 
REQUIREMENTS  - 
3. 5. 2. 3 

OPERATING 

SYSTEM 

REQUIREMENTS 
3. 5. 2. 4 


F. 398-3- 


DATE  3/23/73 

THE  SINGER  COMPANY 

SIMULATION  PRODUCTS  DIVISION  ’ > 

PAGE 

NO. 

2-1 

REV. ■ ■ 

BINGHAMTON.  NEW  YORK 

REP. 

NO. 

- r • 


2.0  General  Description  ■ . ; ' ...1.  _ 

•-■•  2.1  Trainer  Configurations  - - - •'-/  • • *! 

" The  trainer  configuration  as  considered  by  the  SCD  is  shown  in  Figure 

1.0-1.  It  consists  of  the  Motion  Base  Crew  Station  (MBCS),  the  Fixed  Base  Crew 
Station  (FBCS),  the  Instructor  Operator  Station,  (IOS),  and  the  Computer  Complex 
" as  major  hardware  components.  Some  of  the  features  of  these  units  are: 

; MBCS:  _ ;__J_  ; _ ; __/ _ . . ; L . 

- -- — ■ — - - - e 4-man  seating  in  crew  station  - ' — 

e 6"  DOF  + Tilt  Motion  System  --  — - ; •;  , , -•  j 

, e Fully  operational  simulation  of  Commander  station  ..1 
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e 2 CDR  station  CRT  s . 

e 2 Pilot  station  CRT's  /.  . ..  "..1 

© 1 CDR/Pi lot-shared  CRT  --  -v  \r 

e 1 Mobile  TM  CRT/cabinet  (shared  with  FBCS)  ' ; -• 

e Monitor  CRT's  for  all  on-board  CRT's  ..-I 

© 3 X-T  recorders  -!  ' ;*-r : ■ V 

• 1 X-Y  recorder  • r : . : 

© Instructor  Portable  IOS  at  Payload  or  Mission  Specialist'  Stations 

i ’ , * - ' , • f*  \ 

© 2 Visual  monitor  CRT's  •'-/;•  ~;r  ; 

csi  ' ‘ ; ' ’Tv-  ; ; ■;  y“v'-r-' -vT 

® 2 COR  station  CRT's  .. . ;■ • .! 

‘ • ...  7.  ’ i > J 

© 2 Pilot  station  CRT's  • ' - - ~y< 

c 1 CDR/Pi  lot-shared  CRT  . T 7’:  !’>£•  7; : ‘ 3- 

e 1 Mobile  TM  CRT/cabinet  (shared  with  MBCS)  y_l_.  v;.j  7 y ; T,  yj  V 

' ' ' ■ • ' :'-V  . • T 1 7 : - 7 K-:  7.  ^ 

« 1 Orbit  station  CRT  -<• — -- ■— ;t-; 

e Mission  Specialist  CRT  : ; .'7  4.;';.  y \ 1 ■;  7’. 

« Payload  Specialist  CRT  /'(y 

e TV  Repeaters  for  Mission/Payload  Specialists  y-,.  ...  ..-V-y, 

© Monitors  for  all  on-board  CRT's  , ' .•  ’ y>:  \l  yy'  R 4' 

©'  .Orbit  Station  visual  monitor  7 : •'/  ,* : . ..  -7: 

9 2 CDR/Pi  lot  visual  monitors  ••  ~7:- .'y  y . :f 

e 3 X-T  recorders  r.  /* . ;•  ..  « 7 3 

e 1 X-Y  recorder  1- 


••••--  -f; 


. •«: 

V \ ».  ■’  ..  v . 
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REP.  NO. 


© Host  Computer  System 
— . r MIP  rate  '*  r ‘ 

i 

Word  length  • 

.Addressable  storage  . 

■-  Input/Output  transfer  rates 
0 Time  Sharing 
....... .Batch  stations 

Interactive  terminals 


;•  ! © On-Line  Peripherals 
J. _.L ...;  .Card  reader/punch 

f J * ! • * • ‘ 

: Line  printers 

( ;fi  ' j 

; ^ . I 'Mass  storage 


J, 1 .J’.  '..^.Magnetic  tape  . ...  .. . _ 

• i- 

*r — ”'o  Candidate  configurations 


•xfi  •••>• 


• ! ;•  i' 
T'  ‘ *■ 


. ..  n 


© DCE 


I i • ..  ,i.Mini -computer  linkage  ... ; ... --...I!-/' ;. ... 

*:  '•  ~ — r . . 'Devices  : " *r — •"•fr. ! --r^f 

• * ; '!-  1 ' Type  ' r **  ; " •;»:  ■ |/j'  T.-: 

.Number  of  channels  ' : T _';il  1 ’ . L.. 1 \ 

•*  2.2  ""Training  Modes  -!  ; ---p-y— x 

5 ! 11  For  purposes' of  the  SCO,  the  trainer  is  assumed  to  have  the  capability  of 

* . . 

the  following  training  modes:  . ..  ■ ' ;...  . . • '...J 

'"’rt~MBCS  only:  Prelaunch  (Liftoff  minus  10  minutes/to  liftoff)  . 

• ? Launch  (to  External  tank  deorbit)  : ,! 

. . . ._i.  ' Launch  Abort  :i..  --  = — _.i  — ... 
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■ - Deorbit  and  Entry  .1  l . - -i.’.i  i --- : - ■ 

■ Approach  and  Landing  ‘ j -r  . ~r  7 '/ 

1 j Ferry  j _ . 

..  L--. : : Orbital  (CDR/Pilot  part  tasks  only)  - - ' - ; — - - 

....... .I  Fbcs  only:  Full  mission  exclusive  of  motion  cues  ' 7r  f.~ ; 

; MCC  Integrated:  MBCS  or  FBCS  . I. ‘ :: 

-2.3  - Time  Sharing  - ...ju., iJ_4C -4 

"*  ; “ The  capability  for  background  time  sharing  computer~work  is _ considered  for  al  1 

modes  of  utilization  of  the  simulator  complex.  Remote  terminals  will  provide 
management  and  engineering  processing  capabilities.  • -4- - - '-i-  ----- 


t — *•  r*:. *r~  — *’t 


;t  -t 


..;  ..  . T—  - 
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3.0  Technical  Concepts  • , • 

'3.1'  Failure  Insertion  Concepts  ■ ’ ’:~ 

3.1.1  System  Design  Techniques  • 

’ in  many  cases  of  simulation,  the  mathematical  model  malfunctions 
are  added  as  an  afterthought  in  the  design  process.  Where  the  system  has 
redundant  components  or  paths,  repetitive  program  loops  are  used  to  reduce 
the  core  requirement  of  the  executable  program.  Implementation  of  malfunctions 
into  these  component  models  reauires  that  a comparative  study  be  made  to 
determine  the  method  for  the  least  computer  core  and  executable  time  ; ■ _ / 

requirement.  In  all  cases  it  will  be  found  that  a compromise  must  be  made 
between  time  and  core.  In  the  following  four  example  cases,  the  various 
methods  of  implementation  within  a Do-Loop  of  10  are  shown  with  a time  and 
.core  impact.  In  these  examples  a computer  time  of  1.5. ysec  per  Instruction 

, • : ; ' ’ | i 

.is  assumed.  Cases  V and  VI  show  the  trade-off  as  was  made  in  Skylab  EPS  . " j" 

i * . i ; 

simulation.  ■ 


,.f  , ..For  purposes  of  clarification,  the  term  multiple  malfunction  means 
that  one  data  base  word  is  used  to  direct  a change  in  computational  processing 
such  that  more  than  one  segment  or  component  may  be  addressed  by  changing 
of  the  code  letter  or  number,  stored  in  the. data  base,  location.  Cases  V and  ... 


VI  show  an  example  of.  use  of  "multiple  malfunctions"  to  save 

; r-.  j j*  ;•  T V'  v<  f ' , rr  '•  ' ; ■ ! * ?.*i * -T 

'time  and  core.  1 ' i ' ; : . ' ' i . I ' ! • ‘ ‘ *.  ’i  ' I ,- 
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CASE  I:  10  Discrete  Malfunctions  Used  Inside  DO  Loops 


PAGE 

NO. 

3-2 

REP. 

NO. 

DO  I = 1,  10 


3 Executable 

« — • ' • 


<MALF0J 


EXIT  DO  Loop 


— — £ 1 2 Executable. 

A(  I ) = 0 


Summary:  Storage  Executable 

,_J  10  . . 5. 

; . ! l ' l j i ; 

Summary:  Best:  _3  X 10  X 1.5 

_L  j_  ' Worst:  5 X 10  X I .5 

• ! ' Nomi nal : 3X10X1.5 


Total 
15  .1 


Bytes 
! 1 60 


45  /S, 
.75  jU.S 
45  /lS 


,!v-:  ; » 


Advantages:  1)  All  10  malfunctions  can  be  entered  simultaneously. 

2)  . Low  execution  time..  ...  ..  ,ri.  .j... 

; ! i_  .i__  ^ ,L  3)  ..  Easy  to  enter  and  remove  via  CRT.'  : ; I , ' '! 


Disadvantages:  1)  High  core  requirement. 


«_L.  «_L _ - 

• \ 
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Disadvantages:  1)  High  time  when  malfunction  in.  . _ ; ...  ,_rT.. 

! ; ; ' ' 2)  Hard  to  enter  and  clear. 

V — T • i • 

3)  Only  one  malfunction  may  be  used  at.  one  time. 


...  < 


i . 

>■  r 


■i  i - ■ > 
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CASE  III:  One  malfunction  integer  location  to  indicate  malfunction  entered 

and  specific  element  affected.  All  inside  DO  Loop. 


DO  I = 1,10 


5 Executable 


I01MINDX>  CL 


A ( I ) = 0 


2 Executable 


Core  Summary: 


EXIT  DO  LOOP 


Executable 

7 


Total 

8 


Bytes 

32 


Time  Summary: 


Best  5 X 10  X 1 .5  = 75  /^S 

Worst:  7 X 10  X 1 .5  = 105  /<-S 

Nominal:  5 X 10  X 1.5  = 75  /cS 


Advantages : 


..  Disadvantages: 


1)  Low  Core  Requirement. 

2)  Easy  to  enter  malfunction. 


1)  High  time  requirement  for  all  paths. 

2)  Only  one  malfunction  entered  at  one  time. 
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CASE  IV:  One  malfunction  integer  location  to  indicate  malfunction  entered  and 

specific  element  affected.  Malfunction  programmed  outside  the  DO 
Loop.  ; 


2)  Low  Time  Requirement 

3)  Easy  to  enter  and  remove 


Disadvantages:  1)  Only  one  element  may  be  malfunctioned  at  a time. 

2)  Requires  that  Do  Loop  has  ended  or  that  additional 
.■  time  and  core  is  required  to  do  this. 
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CASE  V:  EPS  Power  Bus  Loading  Bus  Overload  Malfunctions 

Variable  Malfunctions. 


Forty-one  Discrete 


NORMAL  BUS 
LOADING  CALC. 


DO  I = 1,  41 


3 Executable 


MPBL(I) 


3 Executable  Overhead 


. ...  ..  . - 4 


1 Executable  Overhead 


3 Executable 


LOAD(I)  = LOAD (I ) + EMPBL(I) 


EXIT  DO  LOOP 


Core  Summary: 


Storage 


Executable 


Total 


Time  Summary: 


Best:  [3  + (4) (41 )]  X 1 .5  = 250.5  jx  S 

Worst:  [3  + (7) (41 )]  X 1 .5  = 435.0  A S 

Nominal:  [3  + (4) (41 )]  X 1 .5,  = 250.5  /a.S 


Advantages : 


1)  All  41  can  be  entered  at  one  time. 

2)  Easy  to  enter  and  remove. 


Disadvantages: 


1)  High  Core  Requirement 

2)  High  Time  Reauirement 
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CASE  VI : EPS  Power  Bus  Loading  Bus  Overload  Malfunctions 

Variable  Malfunctions. 


Five  Multi'ple 


ENTER 


NORMAL  BUS 
LOADING  CALC. 


5 Executable  ^ 


fl  1 MPBL1  >n 


5 Executable 


.41  — MPBL2  >n 


> \ Yes 


5 Executable 


s41  L MPBL3  > n. 


5 Executable 


y— — 

41  EL  MPBL4> 


5 Executable 


— 

lTlMPBL5> 


5 Executable 


1 . 

LOAD ( MPBL 1 ) = LOAD(MPBLl)  + EMPBL1 


— 5 Executable 


L0AD(MPBL2)  = LOAD(MPBL2)  + EMPBL2 


5 Executable 


L0AD(MPBL3)  = L0AD(MPBL3)  + EMPBL3 


5 Executable 


L0AD(MPBL4)  = L0AD(MPBL4)  + EMPBL4 


-5  Executable 


L0AD(MPBL5)  = LOAD (MPBL 5)  + EMPBL5 


CONTINUE 


-398,8- 


date  3/23/73 


REV. 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON , NEW  YORK 


PAGE  NO.  3-8 


REP.  NO. 


Core  Summary: 


Storage 

10 


Executable 

50 


Total 

60 


Bytes 

240 


Time  Summary: 


Advantages : 


Best:  25  X 1 X 1 .5  = 37.5  ^S 

Worst:  50  X 1 X 1 .5  = 7.5  ^S 

Nominal:  25  X 1 X 1.5  = 37.5 

1)  Lower  Core  (128  Bytes  saved) 

2)  Lower  Time  (360  /<.S  worst  case,  213  /<  S best  case) 


Disadvantages : 


1)  Only  5 buses  can  be  malfunctioned  at  one  time 

(however,  this  meets  the  instructor's  requirements) 


-398 


3.1.2  Techniques  of  Manual  Insertion  ■ ' , 

~ i - . 1 

Malfunctions  may  be  manually  entered  into  the  simulation  problem 
in  one  of  two  ways.  The  first  method  requires  that  the  malfunction  page  be 
selected,  an  available  line  on  the  page  be  selected,  the  malfunction  symbol 
entered  along  with  the  value  to  be  inserted  into  the  malfunction  term. 
Malfunctions  may  also  be  entered  into  the  simulation  problem  by  using  the 
CRT  keyboard.  By  using  procedures  similar  to  "Look  and  Enter"  (i.e., 
depression  of  function  key,  entry  of  symbolic  name,  entry  of  value),  mal- 
functions may  be  entered  without  selecting  the  malfunction  page. 

3.1.3  Malfunction  Display  Methods  r. 

' -*  Active  malfunctions  in  the  simulator  may  be  viewed  at  any  time 

by  one  of  two  methods.  The  first  is. by  selecting  the  malfunction  Dage. 

The  second  method  involves  selecting  the  'active  malfunction  and  tripped 
circuit  breaker'  page.  Both  pages  will  present  a list  of  all  current  active 


malfunctions,  and  their  current  value.  ' i'  ’’  • 

'..,13.1.4  Pre-Programmed  Malfunctions  , '.1C  •.  *’ 

| . i . ' 

1 The  insertion  and  control  of  simulated  malfunctions  of  equipment 

or  of  variable  vehicle  flight  conditions  has  required  the  NASA  instructor 
to  concentrate  his  attention  on  performing  tasks  which  could  be  relegated 


to  the  computer.  Having  the  computer  pre-programmed  to  insert  and/or  change 


operating  conditions  will  free  the  instructor  to  concentrate  his  efforts  on 
those  tasks  the  computer  cannot  handle  such  as  trainee  response  and  per- 


'-■>  formance.  The  insertion  of  malfunctions  through  the  use  of  a dedicated 
CRT  page  entry,  similar  to  the  existing  Skylab  simulation  malfunction 
technique,  may  be  accomplished  at  any  time  in  real  time  mode.  The  automated 
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technique  may  be  used  to  insert,  display,  or  delete  any  malfunction  or  data 
base  parameter  by  the  use  of  pre-programmed  software  modules.  The  modules 
may  be  activated  or  deactivated  by  the  instructor  in  real  time.  Display 
devices  (CRT  digital,  graphics,  X-T  recorders,  X-Y  recorders)  and  audio 
cues  may  be  activated  by  the  use  of  the  pre-programmed  modules. 

Use  of  this  technique  will  allow  the  instructor  to  preplan  his 
malfunction  study  program  and  to  present  identical  training  situations  to 
all  students.  The  technique  also  frees  the  instructor  from  having  to  do 
repetitious  keyboard  entry  which,  through  human  error,  could  lead  to 
destruction  of  the  training  plan  and  computer  schedule.  . ..  - 


I 


♦ ' i 


< 

<o 

u. 
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3.2  Flight  Software  Conceptual  Design 

In  order  to  maintain  the  integrity  of  the  discussion  of  flight  hardware/ 
software,  the  flight  software  conceptual  design  is  covered  in  the  Hardware 
Conceptual  Design  report.  Interfacing  systems  are  covered  in  this  report  under 
Main  Engines  and  Guidance,  Navigation  and  Control. 
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3.3  Applications  Software  Conceptual  Design  . 

3.3.1  Power  Systems  ... 

3.3.1 . 1 Electrical  Power  Subsystem  - ' ■'A' 

The  Electrical  Power  Subsystem  may  be  generally  divided  into  six  problem 

areas  requiring  math  models.  These  are  power  interface,  switching  logic,  bus 
loading,  power  generation  and  storage,  power  distribution,  and  control  and  • 

display.  For  the  shuttle  vehicle  there  are  three  types  of  electrical  power 
having  distinct  requirements  for  simulation.  These  are  the  DC  subsystem,  the  \ 
single  phase  AC  subsystem,  and  the  three  phase  AC  subsystem.  Each  of  these  . • . 
subsystems  interface  with  the  others  through  electrical  loads  or  by  providing 
power  sources.  The  concept  presented  here  describes  the  subsystems  separately 

with  interfacing  parameters  between  subsystems.  .... 

Figure  3.3.1 .1  .1  shows'  the  proposed  groups  of  equations  required  for  the 
DC  subsystem  network.  The  DC  subsystem  has  fuel  cells,  batteries,  and  transformer- 
rectifiers  supplying  power  to  three  main  DC  buses,  two  battery  buses,  two  - 
essential  control  buses,  and  two  sequencer  buses.  Because  of  malfunction 
consideration,  the  tie  bus  must  also  be  considered  as  a load  bus. 

The  transformer-rectifier  equations  provide  the  output  voltage  from  each 
unit  as  a function  of  the  electrical  load  current.  A power  available  boolean 
"will  be  made  available  by  the  single  phase  AC  subsystem  for  each  transformer- 
rectifier  and,  in  turn,  each  transformer-rectifier  will  calculate  electrical 
-loads  for  the  single  phase  AC  subsystem.  Load  sharing  will  be  accomplished  by 
•varying  the  T-R  output  voltage  as  a function  of  the  electrical  load.  Curve  fits 
to  test  data  will  be  used  for  this  function.  Heat  generated  by  the  T-R  unit 
will  be  calculated  for  the  ECS  Subsystem  and. ECS  ,willf calculate  the  unit  temperatur 
(1)  T-R  Output  voltage  : •;  ; 

E = f(l_D)  current  and  temperature  limited  function. 


3. 3. 1.1.1  DC  POWER  SUBSYSTEM 


Bus  Volta* 
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(2)  T-R  Heat  generated 


Qtr  " f(ETR’ITR’Erf ) 

The  power  loading  equations  provide  summations  of  all  electrical  loads 
on  the  DC  buses.  Individual  loads  below  3 watts  are  handled  as  a gross  load 
under. control  of  the  instructor.  So  that  variations  in  loads  under  different 
voltages  can  be  accounted  for,  a straight  line  curve  fit  is  computed  to  calculate 
the  load  as  a function  of  the  bus  voltage. 

(3)  Electrical  Load  summation  T ■ 

PLMB1  = Loads  - K Q „llv.wa 

vo 1 tage  curve 

where  Exn  = Voltage  of  Transformer  Rectifier  unit 

• IK  • • ... 

• I-j-R  = Current  out  of  Transformer  Rectifier  unit 

Qtr  = Heat  generated  in  Transformer  Rectifier  unit  T.: 

Eff  = Efficiency  of  unit  • V.  ’ , 

P,  = Load  in  main  bus  1 - . • • 

K = Coefficient  of  slope  of  voltage/power  curve 

The  power  generation  equations  calculate  the  voltages  of  the  storage 
batteries  and  the  fuel  cells  and  the  heat  and  water  by-products. 

(4)  Battery  Voltage  ' • ‘ 

BS0C  = f(BS0C,BTEMP’  Eff’  1 ...  4 

EB  = ^SOC^TEIiP’V  ‘ . ! ■ 

(5)  Battery  Heat  generated  ' : 


Qb  - f(IB.,Eff) 

(6)  Charger  Heat  generated 


Qc  = f (I  Eff) 
where:  Brr~  = 


Battery  state  of  charge 


= Battery  temperature 
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Eff  - Efficiency  of  battery  current  conversion 
Ig  = Current  out  of  battery 

Eg  = Battery  terminal  voltage 

Qg  = Battery  hect  generated  by  current  flow 

Qg  = Charger  heat  generated  by  current  flow 


uo 

co 

co 

Ik. 
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. The  generation  of  power  by  the  fuel  cells  requires  that  the  inlet  conditions 
of  reactants  be  tightly  controlled.  Simulation  of  the  oxygen  and  hydrogen  supply 
also  requires  modeling  the  gaseous  nitrogen  pressurant  supply.  In  Figure  3.3. 1.1.2 
a general  flov/chart  of  the  software  interfaces  is  shown.  The  valve  and  control 
logic  equations  model  the  real  world  system  response  to  crew  station  switch  and 
circuit  breaker  position  with  electrical  power  available.  Display  parameters  are 

generated  for  valve  repeater  flag  states.  , 

Valve  position  is  used  by  the  Nitrogen  System  equations  to  calculate  the 
pressure  exerted  on  the  cryogenic  liquids.  The  heat  absorbed  by  the  two  cold 
fluids  will  be  used  to  calculate  the  volume  of  liquid  and  volume  of  gas  in  the. 
cryogenic  tanks.  A heat  balance  model  will  be  developed  for  the  exchange  of  heat/ 
temperature  with  the  ECS  subsystem.  Gaseous  oxygen  usage  will  be  simulated  for  the  . 
atmospheric  model  simulation  of  ECS.  Refer  to  Section  3. 3. 7. 3 for  the  method  of 
simulation  of  conductive  and  radiative  heating.  , /'  ' ' ' ‘ T ' • ; : • 

The  usage  of  oxygen  and  hydrogen  will  be  computed  by  empirical  formula:  . 

..  .....  1.  ...  , •..  .. 0^  = K-j  x I lbs/hr.  .'i, : . •/  . ... 

' . H2  - K2  x I Ibs/hrs.  . %'■  ' ‘f  "•  " " 

. where  02  = oxygen  mass  flow  rate  I ' ? i 

■ . • H2  = hydrogen  mass  flow  rate  • ‘ : .1  ■ ; : 

• " ' ' K-j , K2  = empirical  constants  • , 

I - electrical  current  .1  • . 

. . The  electrical  potential  will  be  reduced  by  a lo wer  nitrogen  pressure  . 

differential  than  nominal  for  the  cell.  In  addition  the  electrical  potential  will 
be  increased  with  increasing  operating  temperature.  Both  of  the  functions  will  be 
curve  fitted  approximations  to  performance  data. 


•£ 
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The  power  distribution  equations  will  calculate  the  voltage  of  each 
major  bus  and  the  currents  to  or  from  the  bus.  The  mathematical  approach  is  the 
nodal  analysis  method  which  was  used  on  the  Skylab  Simulator.  This  method 
gives  an  explicit  solution  to  the  bus  voltage  calculations.  Using  the  bus 
voltages  it  is  then  possible  to  calculate  all  interbus  currents  from  the 
voltage  differential  and  the  conductance.  ' ' : 


The  general  form  of  the  nodal  equation  solution  is  in  the  form: 


where:  E = Node  voltage 


V = driving  source  voltage 
G = Conductance  in  nodal  network 


Figure  3. 3. 1.1. 3 shows  the  proposed  groups  of  equations  required  for 
the  simulation  of  the  single  phase  AC  subsystem  network.  


"T  < The  power  sources  for  this  network  are  the  Air  Breathing  Engine  generators, 
the  APU  generators,  and  the  GSE  power.  For  the  purposes  of  simulation,  the 
loads  are  assumed  to  have  an  overall  power  factor  of  1.0.  It  is  also  assumed 
that  the  generators  cannot  be  brought  into  sync  for  load  sharing  between  units. 


The  Air  Breathing  Engine  generator  equations  give  the  output  frequency 
as  a function  of  the  generator  rpm.  The  voltage  output  of  the  generator  will 


BUS  VOLTAGE 


F-398,8 


date  3/23/73 
REV. 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

B I NGHAMT ON . NEW  YORK 


PAGE 

NO. 

3-20 

REP. 

NO. 

. be  a function  of  both  rpm  and  the  power  load.  Since  the  frequency  is  not 
displayed  but  is  probably  supplied  to  Caution  and  Warning  as  an  out  of  tolerance 
condition,  only  a boolean  expressing  the  frequency  condition  will  be  generated. 

EAB  = f (rpm»  1oad)  . - 

• " WA(J  = f (rpm)  • 

The  generators  driven  by  the  APU  are  basically  the  same  as  the  Air 
. Breathing  Engine  except  that  both  frequency  and  voltage  may  be  controlled  by 
the  generator  control  unit  through  speed  and  field  control.  

EAPU  = f (rPm’  load) 

WAPU  = f(rpm)  - ; 8---!  - • - - 

, The  qsE  power  interface  will  be  by  instructor  control  for  simulating 

mating  cable  connections  and  for  power  source  supply  voltage  and  power. 

The  switching  logic  equations  calculate  the  state  of  the  power  control 
-•.  relays  as  a function  of  crew  switch*  circuit  breaker^position  and  up-link 
commands.  The  switch  state  is  provided  to  the  power  distribution  program  to 

...  ...establish  path  conductances. . . ........ ....  

; • - - The  bus  loading  equations  provide  summations  of  all  electrical  loads  on 

the  single  phase  AC  buses.  Small  loads  below  3 watts  are  to  be  handled  as  a 

composite  load'  variable  by  instructor  control.  : 

-1-  The  power  distribution  equations  will  calculate  the  voltage  of  each 

major  bus  and  the  total  load  on  each  source  generator.  Under  the  assumptions 
that  the  power  factor  for  the  overall  loads  is  1.0  and  the  generator  cannot  be 
• in  sync,  the  solution  reduces  to  the  equation:  ■ ;•*'  • .• 

...  E _ V G.  . . 

:■  .G!  +G  • ,.v-: 


P = VEGn 
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where:  E = Bus  voltage  , • ; / 

V = Source  voltage  ■" 

G = line  conductance,  source  to  bus 

G-j  = load  conductance  . ...  • ...  ..... 

P = Power  consumed 

The  Control  and  Display  equations  use  the  booleans  generated  by  the  DC  . 
control  and  display  equations  to  condition  parameters  for  crew  display, 

Caution  and  Warning,  and  telemetry  programs.  ^ ^ ; . V 

Figure  3.3. 1 .1  .^shows  the  general  equation  groupsrequired  for  simulation 
of  the  three  phase  AC  subsystem.  The  subsystem  simulation  is  very. similar  to 

. . j 

the  single  phase  subsystem  with  one  significant  difference.  Loss  of  a single 
phase  will  riot  cause  shutdown  of  the  equipment  in  the  three  phase  subsystem  as 
it  would  do  in  the  single  phase  subsystem.  Where  one  phase  is  out  in  the  three  . 
phase  subsystem,  the  two  supporting  buses  will  reflect  increased  loading. 

For  simulation  purposes  the  loads  on  each  leg  are  assumed  to  have  an 
overall  power  factor  of  1.0.  For  the  three  phased  subsystem,  it  is  assumed  that  . 
the  units  sync  immediately  from  the  master  sync  line  of  the  selected  unit. 

' * The  sources  of  three  phase  power  are  the  four  static  inverters,  each 

capable  of  supplying  the  master  sync  and  three  phase  power..,  Each  inverter  may 
be  connected  to  a maximum  of  two  bus  sets.  It  is  assumed  that  an  inverter  will 
fail  safe  on  loss  of  the  input  sync  signal.  A boolean  will  be  generated  for 
a frequency  out-of-tolerance  condition  if  required  by  the  Caution  and  Warning  or 
Telemetry  programs.  The  output  voltage  on  each  leg  of  the  inverter  is  a function 
of  the  leg  load.  1 ■ • . 

•EINV(A,B,C)  = f(l0ad)  • - ---  ■ - ■ 


. u. 


i THREE  PHASE  AC  SUBSYSTEM 
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The  bus  loading  equations  supply  a simulation  of  the  loads  on  each  bus 
leg.  The  switching  logic  equations  calculate  the  switch  and  relay  state  based 
on  switch,  circuit  breaker,  and  up-link  command  logic. 

The  power  distribution  equations  will  calculate  the  voltage  of  each  major 
bus  ' and  the  load  on  each  inverter  unit.  Under  the  assumptions  stated,  the 
power  distribution  equations  reduce  to: 


WV2 

'BUSA  " G^+G^G 


1 BUSA  = (V,-E 


V^BUSA^l 


(Typical ) 


(Typical ) 


where: 


'BUSA 


= Bus  voltage  (Phase  A shown) 


V,  = Inverter  #1  Voltage  (Phase  A)  : ; 

■ V2  = Inverter  #2  Voltage  (Phase  A)  . 

G-j  = Line  conductance,  inverter  ! to  bus. 

..  i"  3 . Go  = Line  conductance,  inverter  2 to  bus 

' 2 ; ••  ■.  ■ H;-  ' •;  . ■ 

.*  ’ • ’ ‘ . • • - * \ ‘ ' .' ” . - .i  - ' . 

g = Load  conductance,  Phase  A.  - : ";V  •"  :',v 

” ! :■  ‘ . . . • , . . - . * • »•'».•  • 

‘ '•  . " . P-|BUSA  = Power  to  Bus  A from  inverter  1 , Phase  A 

The  control  and  display  equations  to  be  used  by  the  three  phase  subsystem 
are  combined  with  the  single  phase  subsystem  outputs.  The  reason  is  only  one 
crew  station  display  is  provided  for  the  AC  voltages. 

The  computer  will  provide  control  over  circuit  breakers  during  periods 
of  simulated  high  currents.  Upon  calculation  of  an  overcurrent  of  150%  of  the 
circuit  breaker  rating,  the  circuit  breaker  will  be  set  open.  The  circuit  breaker 
control  routine  of  the  control  and  display  equations  will  also  provide  simulated 
defective  circuit  breakers  which  cannot  be  reset  and.  hold.  Malfunctions  will 
also  be  provided  for  intermittent  shorts  causing  circuit  breaker  opening. 
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The  equations  of  the  EPS  simulation  will  be  repeated  for  each  unit  either 
by  programmed  loops  or  repetitive  equations,  whichever  design  uses  the  least 
amount  of  time  and  core.  The  required  malfunctions  for  the  EPS  simulation  will 
be  designed  into  the  equations  for  minimum  computer  impact.  . . 


....  ..l 
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3.3. 1 .2  Auxi 1 i ary  Power  Unit  Subsystem 

The  Auxiliary  Power  Unit  simulation  will  be  divided  into  six  basic 

, ‘ t • - - *4  , £A-  . -j 

. 6-  . . !.•«-*'  *?* 

areas  of  equations,.  See  Figure  3, 3. 1/2.  .These  mathematical,  representations  of 
the  real  world  system  could  be  written  in  engineering  equations  which  may  be 
derived.  Engineering  equations  are  normally  required  for  simulation  where 
systems  are  highly  instrumented.  At  present,  however,  the  crew  has  minimum 
controls  and  displays  relating  to  the  APU  operation.  All  control  inputs 
apparently  actuate  automatic  sequencer  logic  for  both  start  up  and  shutdown 
of  the  turbines.  Since  the  crew  also  has  minimum  displays,  realistic  functional 
equations  will  be  written  to  generate  the  required  display  parameters  with  a 
minimum  impact  on  computer  time  and  core  loading.  , 

The  shaft  loading  equations  will  calculate  the  mechanical  loads>on  the 

V C!iurbine"*engine.  Inputs  to  the  program  will  be  provided  by  the  Hydrualic  System 
and  the  Electrical  Power  System.  The  loading  equations  are  to  include  the 
effect  of  friction  and  windage  and  the  lube  pump  load.  .•■••• ' ~ 

i - /•'  ■ Ls  = (lh  + le.  + llp  + i"K,y Keff  \ \ J.  ■„  if : 

■ ~ where  L = Shaft  load  on  turbine  • v'; Vf  .■  h-  . - 

= Hydraulic  loads  T.. 

I_£  =.  Electrical  loads  ......  

L^p  ■='  Lube  pump  loads  — .*•*’-  • . * f.- f'|f  - 

= Friction  and  windage  loads  ' 

: ‘ Keff  = Mechanical  efficiency  y.'\ _.v. ...  : , 

The  control  logic  equations  are  to  provide  simulation  of  valve  state 
as  the  result  of  crew  switch  and  circuit  breaker  inputs.  Timing  delays  are 
to  be  incorporated  only  where  the  response  would  be  detected  by  the  crew.  . 
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The  Helium  pressurization  simulations  will  calculate  the  amount  of 
helium  (pressure,  temperature,  mass)  in  the  pressurization  bottles  and  the 
pressure  in  the  hydrazine  tank.  The  gaseous  volume  and  gas  pressure  will  be 
calculated  using  the  fuel  quantity  remaining  in  the  hydrazine  tank. 


VH=VT-VF  ' ■ - 

MH  - pH  vh/rth.  . ' : , 

where  Vu  = Volume  of  helium 

■ 

VT  = Volume  of  fuel  tank-  constant 
. s . T ...  

• Vp  = Volume  of  fuel 

Pn  = Pressure  of  helium  

H 

Mu  = Mass  of  helium 

! ri  . . t ..  . : .1  . 

R = Universal  gas  constant 
- ■ • Tu  = Temperature  of  helium 


and 


MHP.  = So  ' MH 
PHP  = MHP  R THP/VHP 


where  Mun  = Mass  of  helium  in  high  pressure  tank 

• hr 


Mass  of  helium  - originally  in  tank ^ constant 


Pup  = Pressure  of  helium  - high  pressure  tank 


. ) 


but  the 
account 


HP 

Tpp  = Temperature  of  helium  - high  pressure  tank  ,r  - . 

"i  • ' .Vud  = Volume  of  high  pressure  helium  tank  - constant  . 

The  fuel  equations  will  provide  not  only  the  fuel  quantity  integration 
supply  pressure  to  the  gas  generator.  These  equations  are  to  take  into 
valving  between  the  fuel  tanks  and  the  gas  generator.  - , 
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PF  "■  PH 


qf  - Qp  - 3C  ^ { ; ■'  i ' 

' where  Pp  = Pressure  of  fuel  on  gas  generator 


• --  • 'Qp  = Fuel  quantity  remaining  - - • - 

Qj.  = Fuel  quantity  consumed  , ! : i ; 

.The  gas  generator  equations  will  include  logic  and  functional' transforms 
simulating  the  generation  of  gas.  The  gas  generator  equations  will  include 
conditional  parameters  for  valve  state  to  the  turbine  engine  control  valves. 
Electrical  power  usage  will  be  calculated  for  EPS  bus  loading. ...  J ._j ; 

■ - gg  = f(tH>  pF)  - H" r-'p--rq'-7-'4-r-f':r  r 

: * , . where  Gg  = Gas  generation  • t-  ! . i j ! • : '•  : | ; 1 

: . t„  = Heater  warm-up  time  . . L .1 L ...  -I—.-  .. .; 

’ • ..  j **  „ • i i . i '* • • * • : ' ; . ;•  i * 

• - • -'  "The  turbine  engine  equations  will  calculate  the  functional  engine 
speed,  exhaust  temperature,  and  fuel  consumption  rate  based  on  the  shaft  loads. 
..Power  available  booleans  are  also  to  be  provided,  to  the  . subsystems,  of  Electrical 
Power  and  Hydraulic  Power.  Start  up  and  shutdown  sequences  are  to  be  functionally 
simulated.  • • : ! . S ! • /!  , | ‘ f . , i - ! • > ; !-*•'• 


-R  = f(Gr  pf . l.  :t_)  .. .. ..,1.4.:. : 

.pm  b,  r,  S,  S.  | . ; j , : • j • • 

‘ > • * ^ . ‘ ; ’ _ . | ^ _ j . ^ i.’  , t.  J I ' 

i • ■ i ; where  R = Turbine  R„m  • ; i i .•  I r I : 

; - . ■ . ...pm  . . .pm  ...  • ..  — -t !-. ... 

: „t  ' = time  from  start-up  or  time  .from  start  of.  shutdown  ; 

■ f ; • 

7 —"  From  these  groups  of  equations ,.  parameters  simulating  the  actual  system 

state  will  be  conditioned  using  sensor  and  display  logic  booleans  from  the 
Electrical  Power  System  for  crew  station  display,  for  input  to  the  Caution  and 
Warning  System,  or  for  input  to  the  Telemetry  Multiplexer  Program.  The  equations 
will  be  repeated  for  each  auxiliary  power  unit,. either  by  programmed  loops  or 
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by  repetitive  equations,  whichever  requires  the  least  amount  of  computer  time 
and  core.  Required  malfunctions  for  the  API)  are  to  be  designed  into  the 
simulation  for  minimum  computer  impact.  ......  . 


j ■ i • L ' 
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3. 3. 1.3  Hydraulic.  Power  Subsystem  . ; ' V7 

The  Hydraulic  Power  Subsystem  will  be  divided  into  four  blocks 
of  generally  related  equations  for  simulation  purposes.1  Figure  3. 3. :1. 3 shows  . 
the  interfaces  of  these  equation  groups.  The  mathematical  equations  used 
as  representative  of  the  real  .world  system  could  be  derived  engineering  \ 

functions,  however,  the  crew  station  controls  and  displays  are  minimal.  : 

''  t 

At  present,  the  crew  displays  are  limited  to  hydraulic  fluid  temperature 
and  quantity.  Caution  and  Warning  displays  relate  to  high  and  low  fluid 

temperature,  low  fluid  quantity,  and  low  pressure.  Realistic  functional  . "...  - 

’ . . . * * r 

equations  will  be  written  to  generate  the  required  di splay  parameters  ' ' v 7. 

without  an  excessive  computer  time  requirement.  , ■ , 

..Two  of  the  hydraulic  power  using  subsystems.  Aerodynamic  Control  . 

Surfaces  and  Thrust  Vector  Control,  require  large  quantities  of  fluid.  ''■'•77- 
Interface  requirements,  as  the  result  of  the  servo  loop  hydraulic  system, 
dictate  that  the  Hydraulic  System  simulation  of  load  versus  power  run  at  ...  ;:7- ...  . 
thesame  iteration  rate  as  these  subsystems  (or  twenty  to  ten  iterations 
per  second).  . This  requirement,  in  addition  to  the  minimum  displays,  ....  .j 

justifies  the  functional  approach  to  simulation  of  this  system..  . 

• : ■;  The  loading  equations  will  calculate  the  summation  of  the  fluid  

flow  from  the  four  main  supply  lines.  The  program  will  also  calculate  , 
flow  from  the  main  supply  lines  to  the  two  accumulators.  These  fluid  ;f low.. 
summations  form  load  request  parameters  for  the  pump-reservoir  equations  '' : "7 
and  the  accumulator  equations.  The  load  request  parameters  are  to  be  generated 

by  the  using  systems  for  elevons.,  rudder-speed  brake,  main,  engine  TVC,  engine 

controls,  OMS  TVC,  SRM  TVC,  gear  uplock,  gear  deployment/retraction,  wheel  . • 7 
braking,  steering,  RCS  door  operation,  and  payload  bay  doors.  ; ...7 


— . •« ~ 


Figure  3-3.1 .3  Hydraulic  Power  Subsystem 
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; hl  -z hli  ♦ h|2...  - • ■ ;; 

Where  = hydraulic  load  on  supply  main-gpm  1 

HL|  H,  2 = individual  load  requests.  . ......  .... 

The  accumulator  equations  will  simulate  the  stored  power  by  calculating 
a load  response  factor  for  all  units  that  use  accumulator  hydraulic  pressure. 

This  load  response  factor  is  a function  of  the  mass,  temperature,  and  volume 
-occupied- by  the  entrapped  gas.  The  volume  occupied  by  the  gas  will  be  calculated 
"by  a summation  of  hydraulic  fluid  usage  and  resupply  for  the  accumulator.  Load 
requests  will  be  generated  by  the  equations  for  use  in  the  loading  equations 

- as  hydraulic  fluid  is  used  from  the  accumulator.  • •‘•“-jr- s- 

The  limit  of  the  pressure  within  the  accumulator  is  set  by  the  hydraulic 
. ..  supply.  • . . .1./.. ■ : 


• u . G.  G G . G . ■- -.. . ■ =-.  - : 

-.-Where  Pq  = Pressure  on  accumulator  gas  or  hydraulic  pressure  if-it  exceeds  internal 
accumulator  pressure.  •'  . : • .; ; ) ;•  ; • , T;  , - ,, 

' / Mg  = Mass  of  gas  in  accumulator  ; .. ...' j T. .’..i.;  Ci ... 

Tq  = Temperature  of  gas  in  accumulator 

\lr  = Volume  of  qas  in  accumulator  j ...  ; : ' ' . : • • . ■ - 

_•  v _ b * __  .....  ...  . ... ; ...  * j.  L . L..  • . j- 

4.  R Universal  Gas  Constant  ; ]• ■ ' V ' ",  ''  ■ . • .-.t . .' 

The  volume  occupied  by  the  gas  is  the  volume  of  the  accumul ator -tank  less  the.  - 
: volume  of  hydraulic  fluid.  .j..  ;..j~ . i . . ; •:  .!••  j ' ■ - ■' 

— VG  = vT  - JTy  T/TL 

Where  Vj;  = Accumulator  tank  volume  -.j  - ; T-'  ;-•••-  • 

V^j  = Volume  of  hydraulic  fluid  in  the  accumulator.-  - 

“ ‘ ’ ■ ' . \ ,'4-  i 4 *’“*’'*  . 

During  the  expansion  cycle  the  pressure  in  the  accumulator  is  expressed  by 

...  pg  = hgrVvg  : ■ ' 
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The  pumo-reservoi r equations  are  to  simulate  the  four  sources  of  power 
to  each  manifold  supply  pine.  The  pumps  are  the  two  AFU  gear  pumas,  the  ABPS 
gear  pump,  and  the  AC  driven  circulation  gear  pump.  Simulation  logic  will  be 
incorporated  to  prevent  back  flow  into  these  pumps  where  check  valves  exist. 
Relief  and  by-pass  valves  will  be  logically  represented  for  equation  usage. 

A summation  of  total  pump  capability  will  be  made  to  furnish  a load  response 
factor  for  using  subsystems  based  on  load  request.  Reservoir  quantity  will  be 
calculated  from  a summation  of  pump  usage-return  fluids  to  the  reservoir. 

During  simulation  in  real  time,  the  load  response  factor  will,  allow 
using  subsystems  to  react  in  a realistic  maneuver  when  an  hydraulic  flow  (or 
load)  request  is  made  which  exceeds  the  capability  of  the  pump  (or  pumps) 
on-line  to  supply  the  volume  of  fluid  requested  at  the  design  pressure. 

‘ . "The  time  response  of  systems  is  computed  by  a load  response  factor  or 

a factor  expressing  the  percentage  of  the  requested  load  that  was  supplied  by 
..overloaded  pumps.  . . . : . . ■. ... 

• - ■ hf  = (hl,  hp)  • /••  ■ i v; 


•:hf  = m 


Where  the  hydraulic  load  is  less  than  the  total  pump  capability  on  the  . 
.’“manifold,  the  response  factor  Hp  will  be  set  to  1.0.  If  the  load  request 
•“  exceeds  the  pumping  capability,,  the  hydraulic  load  response  factor  is  calculated 
by  dividing  the  total  requested  hydraulic  load  by  the  pumping  capability.  Each 
using  subsystem  may  then  calculate  the  percentage  of  motion  achieved  at  the  low 
volume  flow  and  then  recalculate  a new  hydraulic  load  request.  ur  ■ 
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A heat  load  is  to  be  calculated  for  heat  balance  equation  usage  to 
determine  the  temperature  of  the  hydraulic  fluid.  The  calculation  of  temoerature 
of  the  hydraulic  fluid  will  take  into  account  coolant  valve  positions  as  the 
result  of  crew  switch,  circuit  breaker,  and  electrical  power  conditions. 

Interface  parameters  of  heat  load  on  the  water  boiler  heat  exchanger  will  be 
calculated  for  use  by  the  ECS  Subsystem  simulation.  The  ECS.  Subsystem  wi 11 
calculate  a return  fluid  temperature  for  use  by  the  heat  balance  equations. 

The  heat  added  to  the  hydraulic  fluid  is  calculated  by  the  amount  of  

"workT.or  electric  energy  added.  ’ 

Q = f (W).+  He  ■ . / . . . V_:  • 

Where  'Q  = heat  added  ' • *<;  . 

W = work  done  on  hydraulic  fluid  . . .' 

Hr  = electrical  energy  added  •'/ 

From  these  groups  of  equations,  parameters  simulating  the  actual  system 
state  will  be  conditioned  using  sensor. and  display  .logic  booleans  from  the  Electri- 

X‘:’cafsPm5er  System  for ‘crew'" station  'dispTayT'for  input  to  the' Caution  and  Warning  Sub- 

f- * \ ...  ■ 

Gys'lem,  or  for ‘input ‘to  the  ’Telemetry  Subsystem  Multiplexer  Program.  The  equations 
will  be  repeated  for  each  hydraulic  pump  and  manifold  supply  pipe;  either  by 
programmed  loops  or  by  repetitive  equations,  whichever  requires  the  least  amount 
of  computer  time  and  core.  Required  malfunctions  for  the  Hydraulic  System  are  to 
be  designed  into  the  simulation  for  minimum  computer  impact.  '.  ••  • - 

Heat  balance,  sensor,  signal  conditioning,  and  temperature  calculations 
will  be  accomplished  on  an  iteration  rate  of  five  or  two  per  second  by  internal 

i * " * ■ . • • • ......  .... 

program  logic.  ' . / ' 
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3.3.2  Propulsion  System  • ; • 

3.3.2. 1 Main  Engine  Subsystem  '•  ' ' 

The  presentation  of  the  conceptual  design  of  the  Shuttle  Main  Engine 
simulation  is  divided  into  sections  as  shown  in  Figure  3. 3. 2.1.  The  problems 
that  are  to  be  encountered  in  the  design  of  the  program  are  first  discussed. 
The  Main  Engine  simulation  using  a functional  model  is  then  discussed.  The 
next  discussion  concerns  the  simulation  technique  that  could  be  used  for  the 
controller  model,  first  using  the  flight  software  program  and  secondly  using 

a functional  approach.  ■ 1:*.. 

r~-;  i Main  Engine  , ; 

■ • : . Subsystem  ' ; : 

• ••  ! | ; • ' i 
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Problem  Definition  - 

The  real  time  simulation  of  the  main  engine  system  during  nominal  boost 
phase  must  be  accomplished  with  a fidelity  that  results  in  the  time  and  conditions 
of  orbital  entry  being  almost  exactly  the  same  as  the  expected  flight  trajectory 
data.  One  of  the  nominal  flight  profile  requirements  which  impacts  the  simulation 
method  is  the  1 0.5  second  accuracy  in  time  of  burn  from  liftoff  to  orbital  inser- 
tion. To  achieve  the  time  requirement  dictates  that  both  engine  thrust  and  vehicle 
mass  be  accurately  modeled.  The  two  main  contributing  systems  to  thrust  and  mass 
change  are  the  main  engine  and  the  solid  rocket  motors. 

The  simulation  of  the  main  engine  controller  and  it's  interfaces  with  the 
main  engine  and  the  GNC  computer  may  be  approached  by  using  either  a functional 
controller  model  or  by  using  dedicated  computers  capable  of  accepting  the  flight 
computer  software.  The  greatest  problem  to  be  overcome  by  either  approach  is  the 
data  computation  rate  differences  and  time  response  of  the  system  caused  by  the 
interfacing  computer  units.  : 


with  different  basic  interation  rate  cycles.  The  GNC  computer  has  a basic  rate 

i • . . t ’ . 

. < 

of  25  cps ; the  "controller"  computer  has  200  cps , 100  cps , 50  cps,  25  cps,  and  lower; 
and  the  main  engine  computation  has  20  cps  and  lower.  The  low  rate  date  requirements 
below  20  cps  present  no  particular  problem  to  the  main  computer,  however  the  25  cps 
to  200  cps  present  major  interface  problems.  Simulation  of  engine  data  in  a func- 
tional model  at  rates  of  50  and  100  samples  per  second  is  prohibitive  on  the  main 
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computer  time.  ’* 

In  the  controller  computer  flight  software  program,  command  response 
comparison  tests  are  conducted  against  internally  calculated ‘values  for  engine 
chamber  pressure  data  and  engine  control  valve  actuation  position  at  high  data 
sample  rates.  If  in  the  comparison  the  parameter  is  out  of  tolerance  by  com- 
parison to  the  expected  calculated  valve,  the  software  program  will  initiate  a 
program  to  test  three  samples  of  the  parameter  at  a rate  of  200  samples/second. 

If  the  three  samples  are  out-of-tolerance,  either  engine  limit  shutdown  or  other 
corrective  action  will  be  taken  by  the  controller.  i-  • , - . - ; • ‘ • - 

i The  conceptual  design  for  simulation  of  the  SSME  is  based  on  interface 

requirements  with,  and  determined  by,  the  main  engine  controller  computers.  The 
main  engine  controllers  are  required  to  perform  the  following  functions  in  regard 
“to  interfacing- with -the  main  -engines:  " >—  •-••r; - - 

; * i • ’ . 

: A.  Provide  closed  loop  control  at  a rate  of  50  times  per  second  (every  20 

: milliseconds)  for  start,  shutdown,  and  mainstage  control.  • — - 

• . B.  Provide  output  electronics  to  command  the  engines1  proportional  actuators, 

solenoid  coils,  and  spark  igniters.  * . : •;  ‘ 


-C 


Receive  and  process  main  engine  performance  and  operational  status  data. 


T The  controllers  interface  with  and  provide  signal  conditioning,  multi- 
plexing, and  analog  to  digital  conversion  for  77  sensor  signals  and  93 
-analog  built-in  test  signals.  -*-• — ---y-A- — 4 — 4 ■- 

D. '  Provide  built-in  test  hardware  and  software  programs  to  validate  the 

avionics  and  engine  system  by  conducting  automatic  self  tests  every  20 
milliseconds,  performing  engine  checkout  on  vehicle  command,  and  per- 
forming engine  limit  monitoring.  : • • . .. ; 

. i • i ^ 

E. ,  Monitor  engine  readiness  to  start  and  provide  an  engine  ready  signal 
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to  the  vehicle. 

F.  Control  SSME  system  purges  upon  vehicle  command  

A basic  design  requirement  for  the  SSME  simulation  is  to  provide  data 
from  within  the  simulated  system  to  properly  interface  with  the  main  engine 
controller.  For  the  SMS  the  main  engine  controller  may  be  simulated  by  the  usage- 
of  flight  hardware,  or  a non-flight  rated  equivalent  commercial  computer,  or  a 
functional  simulation  performed  by  software  programmed  within  the  SMS  host  computer. 
The  simulation  interface  is  determined  by  the  engine  information  which  is  processed 
through  the  input  and  output  electronics  (see  Figure  3. 3. 2.1-2)  of  the  main  engine 
controller.  Performance  characteristics  of  engine  interface  requirements  of  the 
controller  are  discussed  in  the  following  paragraphs.  (Refer  to  Appendix  for  Tables 

i ' * » t ; • 

Reference.)  — . . - ( <•;  : 

Thrust  Control  !_  : ... 

The  controller  provides  continuously  variable  engine  thrust  control  between 
MPL  and  EPL  as  commanded  by  the  vehicle.  Thrust  commands  received  from  the  vehicle 
which  exceed  EPL  cause  thrust  to  be  controlled  at  109  percent  NPL.  Thrust  commands 
received  from  the  vehicle  which  are  less  than  MPL  cause  thrust  to  be  controlled  at 
MPL.  The  thrust  control  loop  consists  of  controller  logic  and  driver  circuits  to 
receive  a thrust  level  command  from  the  vehicle  and  position  the  fuel  Dreburner 
oxidizer  valve  and  the  oxidizer  preburner  oxidizer  valve  to  achieve  the  commanded 
thrust  level  as  determined  from  the  main  combustion  chamber  combustion  pressure 
measurements.  The  controller  provides  a computer  value  from  the  fuel  flowrate  and 
the  oxidizer  flowrate  to  be  used  as  an  alternate  thrust  measurement  in  the  event 
of  the  loss  of  the  main  combustion  chamber  combustion  pressure  measurement.  The 
thrust  control  loop  contains  provisions  for  both  fuel  preburner  and  oxidizer  pre- 
burner temperature  control  within  the  limits  specified  in  Table  I,  Temperature  Limit 
Control  Range  and  Nominal  Control  Point  Values.  The  control  is  enabled  subsequent 
to  receiving  a Limit  Control  Enable  command  from  the  vehicle  and  is  disabled 


1 1>  A r e 3/ 3/73 
j 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

i 

j REV. 

BINGHAMTON.  NEW  YORK  ' ' 

TEMPERATURE 

SENSORS 


SPEED/FLOW 

SENSORS 


VIBRATION 

SENSORS 


COMMAND  ELECTRICAL 

CHANNELS  POWER 


Jv..  wiv  f-  t .l-  .U  osll**. 


RECORDER 

CHANNELS 


PRESSURE 



SPARK 

SENSORS 

IGNITERS 

I T 

GROUND  | 

i EQUIPMENT  i 

I (For  Maintenance  i 

! Only)  J 


PROPORTIONAL 

PROPELLANT 

VALVES 


‘ ’ rvv-'. 


FIGURE  3. 3. 2. 1-2 
CONTROLLER  INTERFACES 


DATE  3/23/73 


REV.  ' ' 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON.  NEW  YORK 


PAGE 

NO. 

3-40 

REP. 

NO. 

subsequent  to  receiving  a Limit  Control  Inhibit  corrrnand  from  the  vehicle. 

Thrust  Control  Precision  ' 

• • - The  controller  controls  engine  thrust  to  within  plus  or  minus  6,000  pound 

force  (3  sigma  precision)  of  the  commanded  value  during  steady-state  operation  and 
during  thrust  throttling  where  commanded  thrust  changes  at  rates  equal  to  or  less 
than  7,000  pounds  per  second.-  : 

* * . ' i - • 1 

Thrust  Level  Change  ' / ' ' 

The  controller  is  capable  of  accepting  step  commands  in  thrust  level  from 
the  vehicle  and  provides  rate  limiting  to  limit  engine  thrust  rate  of  change  to  - 
greater  than  120,000  pounds  force  per  second  and  equal  to  or  less  than  7,000  pounds 
force  per  10  milliseconds.  '•  • _ j • • ' r ‘ • I • ’ 

Scheduled  Valves  - • ■ -L- 

'Schedule  requirements  for  valves,  whose  positions  are  to  be  scheduled  as  a 
function  of  time,  thrust,  or  thrust  reference  are  provided,  by  the  controller. 

Mixture  Ratio  Control  • 1 • • -•  - — 

The  controller  is  capable  of  providing  continuously  variable  oxygen/  " 

hydrogen  mixture  ratio  control  as  commanded  by  the  vehicle,  for  thrust  levels 
between  MPL  and  EPL.  Mixture  ratio  commands  received  from  the  vehicle  which  exceed 
6.5  cause  mixture  ratio  to  be  controlled  at  6.5.  Mixture  ratio  commands'  received  , 
from  the  vehicle  which  are  less  than  5.5  cause  mixture  ratio  to  be  controlled  at 
5.5.-  The  mixture  ratio  control  loop  consists  of  controller  logic  and  driver 
circuits  to  receive  commands  from  the  vehicle  and  vary  the  mixture  ratio  by  positionim 
of  the  fuel  preburner  oxidizer  valve  and  the  oxidizer  preburner  oxidizer  valve,  if 
necessary,  using  the  fuel  flowrate  and  oxidizer  flowrate  for  the  primary  method. of 
mixture  ratio  determination.  , . ■ • - , 

Mixture  Ratio  Precision  ' • . f 

• " t • i r ^ i;  : *’  : 

The  controller  controls  mixture  ratio  to  within  plus  or  minus  1 percent 
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(3  sigma  precision)  of  the  commanded  value  during  the  steady-state  operation. 

Actuator  Position  Control 

The  controller  provides  analog  closed-loop  position  control  of  modulating 
propellant  valve  actuators.  The  controller  models  and  monitors  servovalve  positions 
for  failure  detection  purposes.  • ' 

Sensor  Provisions  • - • . • : • r 1 ' . y 

The  controller  receives  triple  redundant  inputs  from  sensors  used  in  engine 
performance  control  and  performing  sensor  failure  detection.  The  controller  also 
receives  dual  redundant  inputs  from  sensors  used  in  limit  detection  and  engine  readi- 
ness checks  and  performs  failure  detection  to  ensure  sensor  fai 1 -operati onal  failsafe 
performance.  . . . ... ; ■_ 

Spark  Igniter/Actuator/Valve  Provisions 

The  controller  provides  dual  redundant  outputs  to  spark  igniters,  actuators 
and  the  on/off  valves  with  dual  coils  and  performs  failure  detection  of  spark  igniter, 
-actuator,  or  valve  failures  to  ensure  system  fai 1 -operati onal  failsafe  performance. 
Failures  are  detected  by  monitoring  igniter  spark  rate  and  voltage,  actuator  position 

and  servovalve  position.  ...........  ’.  ■ ; ■ . ..  r.’;,  ' 

Limit  Shutdown  • v • 1 ' " ■’  • 


The  controller  performs  a continuous  self-test  of  the  engine  control  and 
monitor  system.  The  controller  monitors  critical  engine  parameters  during  engine 
operation  in  accordance  with  Table  II,  Engine  Limit  Control  Shutdown  Parameters.  If  an 
engine  limit  is  detected,  the  controller  shutdowns  the  engine  only  if  the  Limit  Control 
Enable  command  of  Table  IV,  Vehicle  to  Engine  Commands,  has  been  invoked  by  the  vehicle 
Checkout  and  Monitoring  ......  ...  ...  ...  . 

The  controller  contains  on-board  checkout  and  Built-In  Test  Equipment  (BITE) 
for  ground  and  flight  operations.  This  includes  as  a minimum,  the  capability  of  all 

redundancy  verification  and  status  monitoring  for  engine  system  verification.  The 

' ’ : ' : ' i 
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controller  is  capable  of  identifying  the  failures  listed  in  Table  III,  Failure 
Identification. 


3.-42 


Component  Checkout 

The  controller  is  capable  of  performing  checkout  of  individual  control 
components  or  groups  of  components  upon  command  from  the  vehicle.  The  items  which 


shall  be  individually  checked  out  include: 

A.  Each  propellant  valve/actuator  • I • r 

B.  Each  penumatic  solenoid  valve  . • 

C.  All  sensors,  as  a group 

D.  All  spark  igniters,  as  a? group  ' • • i: 

Pressure  Sensor  Checkout  "7  ' "5  ™ • •’  • 

The  controller  contains  provisions  to  individually  connect  two  resistive 
.loads,  contained  in  each  pressure  sensor,  in  parallel  with  one  leg  of  the  sensor 
bridges  during  checkout.  This  will  produce  simulated  sensor  outputs  of  20  and  80 
percent  of  full  scale  (nominal),  respectively,  which  are  monitored  by  the  controller 
for  verification  of  pressure  sensor  electrical  function  and  pressure  sensing  element 

working  condition.  / >/“  ' " t . ~ • ' ' 4 “ ■'  ' r 

Temperature  Sensor  Checkout  . •"  . "i  ••’;/  - '• 

The  controller  performs  checkout  of  the  temperature  sensors, by  inserting 
a resistive  load,  contained  in  the  controller,  into  each  temperature  sensing  circuit 
to  produce  a simulated  sensor  output  of  50  percent  of  full  scale  (nominal). 

FTow/Speed  Sensor  Checkout  ■ - ; - : - - •••*•••  ,•  • ••  - - 


Each  flow  and  speed  sensor  contains  dual  redundant  output  windings.  The 
controller  performs  checkout  of  these  sensors  by  exciting  one  of  the  sensor  windings 
with  test  signals  and  monitoring  the  output  produced  by  inductive  coupling  in  the 
other  sensor  output  winding.  The  test  signals  consist  of  AC(sine  wave)  voltages 
at  a frequency  of  10  and  90  percent  of  the  full  scale  pulse  rate  output  (nominal) 


au 
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of  each  respective  sensor.  The  nominal  voltage  level  of  the  test  signals  are  equal 
to  the  voltage  level  nominally  produced  by  the  sensors  at  the  respective  test  fre- 
quency. - - - ...  - 

' Propellant  Valve/Actuator  Checkout  " " ' " ' “ " 

The  controller  contains  provisions  to  checkout  each  propellant  valve  and 
associated  actuator  including  all  redundancy.  Hydraulic  fluid,  at  system  operating 
pressure,  is  supplied  to  the  actuators  from  an  external  source.  Checkout  includes 
the  ability  to  measure  and  evaluate  items  such  as  actuator  position  error,  valve 
spool  position  error,  torque  motor  driving  signal  error.,  math  model  comparator  — 
output,  and  actuator  dynamic  response' to  a step  input.  V'"j  r’  ; i ‘ 

Pneumatic  Solenoid  Valve  Checkout  I • ' ■ ; ] * ■' 

- - - -The  controller  checks  out  all  solenoid  valve  coils  individually.  This 

checkout  is  performed  in  both  valve  states,  open  and  closed,  by  monitoring 

. » * 

selected  engine  parameters  that  would  be  directly  affected  by  the  valve  operation. 
The  controller  monitors  the  steady-state  valve  current  for  pull-in,  hold-in  and 
unenergized'  conditions  . '*  ' r 

Spark  Igniter  Checkout 

The  controller  provides  input  power  and  control  signals  to  the  spark 

igniters  as  a group  and  verifies  each  spark  igniter  monitor  signal".  The  monitor 

i 

signal  is  verified  in  amplitude  and  frequency. 

Monitored  Redlines  ~ •' 


. i-  — — I— -• 


•" ” The  controller  is  capable  of  monitoring  all  critical  engine  parameters  for 

a prestart  redline  condition.  Verification  of  satisfactory  prestart  conditions 
result  in  the  issuance  of  an  Engine  Ready  status  signal  to  the  vehicle.  - 

In-Flight  Monitoring  " - - - .......  , , '7‘‘V  ” f " ■ ' 

The  controller  contains  provisions  for  a continuous  monitor  of  the  engine 

system  during  engine  operation.  The  monitoring  logic  includes  controller  internal 
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operation,  propellant  valve  actuator  positions,  servovalves,  sensors,  igniters, 
and  the  parameters  listed  in  Table  II,  Engine  Limit  Control  Shutdown  Parameters. 

The  design  of  the  controller  also  includes  a limit  control  system  which  is  capable 
of  automatically  adjusting  the  power  level  or  initiating  engine  shutdown  to  pre- 
clude engine  operation  outside  of  defined  safe  operating  limits’.  The  limit  control 
system  is  enabled  subsequent  to  a Limit  Control  Enable  command  from  the  vehicle 
and  is  disabled  subsequent  to  a Limit  Control  Inhibit  command  from  the  vehicle. 

Engine  Commands  and  Data  ’’  ‘ ' 

Commands  and  Memory  Data  Words  - - . • ' ’ 

The  controller  is  capable  of  accepting  and  responding  to  the  vehicle-to- 
engine  commands  specified  in  Table  IV,  Vehicle  to  Engine  Commands.  ■ 

Command  words  and  memory  data  words  from  the  vehicle  will  consist  of  a 
/total  .of  thi r.ty-one  bits;  f.i f..teen~bits  for  encoding  and  sixteen  bits  for  command 
and/or  memory  data.  The  BCH  encoding  will  enable  detecting  and  rejecting  error 
patterns  according  to  the  capability  of  a polynomial  (TBD).  Commands  from  the  vehicle 
will. consist  of  two  basic  types  of  commands.  These  are  defined  as  absolute  commands 
(i.e.,  thrust  and  mixture  ratio).  Absolute  commands  will  agree  exactly  in  content 
for  all  operable  command  channels.  Voting  with  3 good  channels,  2 of  3 agreement 
will  constitute  a good  vote.  After  1st  channel  failure,  2 out  of  2 agreement  will 
constitute  a good  vote.  Absolute  commands  that  do  not  constitute  a good  vote  shall 
be  disregarded.  The  variable  command  which  is  executed,  assuming  that  all  three 
channels,  are  good,  will  be  the  average  of  all  three  variable  commands  after  it  has 
been  determined  that  all  three  are  within  TBD  percentage  difference  of  each  other. 
After  the  first  channel  failure,  an  average  of  two  variables  will  be  made  to  a TBD 
percentage  difference.  Command  values  which  are  outside  this  limit  shall  be  dis- 
regarded. The  interval  between  successive  command  words  from  the  vehicle/^"  ^ 
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to  the  engine  will  be  a minimum  of  2 milliseconds.  The  interval  between  successive 
memory  data  words  from  the  vehicle  to  the  engine  during  memory  loading  will  be  a 
minimum  of  2 milliseconds.  The  number  of  command  words  from  the  vehicle  to  the  engine 
will  not  exceed  three  commands  for  a 20-millisecond  period.  The  number  of  memory 
data  words  transmitted  from  the  vehicle  to  the  engine  during  memory  loading  for 
any  20  millisecond  time  period  is  limited  only  by  the  required  interval  between 
memory  data  words.  • ’ ' 

Command  words  and  memory  data  words  from  the  vehicle  to  the  engine  will  be 
verified  by:  • ; — r--  - j — r -■  - -r*  ••  •-  , — r 

a)  Correct  number  of  bits  per  word 

b)  BCH  error  detection  of  each  word  

-'v--  -!  c),  • Direct  vote  jof  all  operable  inputs  ’ • ■ • 

The  number  of  bits  in  each  command  and/or  memory  data  word  including  the  15  BCH 
check  bits  will  equal  31  bits.  Command  and/or  memory  data  words  from  the  vehicle 
whi ch  do  not  pass  the  number  of  bits  per  word  or  BCH  error  detection  checks  will 
be  disregarded  and  inhibited  from  entering  the  voting.  These  failures  will  result 
in  a "message  error"  response  (including  failed  command  channel  information)  being 
transmitted  to  the  vehicle  via  the  status/recorder  channels.  

Commensurate  with  the  allowable  skew  between  command  channels,  the  engine 
will  initiate  voting  of  the  command  and/or  memory  data  word  from  all  operable 
command  channels.  A command  word  which  is  voted  and  determined  to  be  invalid  by  the 
engine  due  to  disagreement  or  incorrect  phase  of  engine  operation,’  will  result  in  the 
transmission  of  a "message  reject"  code  to  the  vehicle,  via  the  status/recorder 
channels,  indicating  that  the  message  has  been  rejected.  A memory  data  word  which  is 
voted  and  determined  to  be  invalid  by  the  engine  due  to  disagreement  will  also  result 
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in  the  transmission  of  a "message  reject"  code  to  the  vehicle.  ' 

The  transmission  of  the  "message  reject"  code  for  command  words  will  occur 

during  the  next  status/recorder  channel  transmission  (a  maximum  of  42  milliseconds 

after  command  word  voting  decision).  The  transmission  of  the  message  reject 

code  for  memory  data  words  will  occur  following  the  completion  of  the  load  mode. 

A "message  error"  response,  including  the  failed  channel  identification, 

will  be  transmitted  for  the  case  of  only  two  command  channel  agreement.  

Command  words  consisting  of  a word  sync  pulse  with  all  bits  equal  to  a 

logical  "zero"  will  be  received  from  the  vehicle  whenever  a command  is  not  being 

transmitted  or  memory  is  not  being  loaded.  Transmissions  to  the  vehicle  during 

periods  of  inactive  transmission  of  engine  status/recorder  data  or  memory  readout 

data  will  consist  of  data  words  containing  a word  sync  pulse  with  the  data  bits  and 

parity  bit  equal  to  logical  "zero".  j.  ' . .'L'.  ...  ’ . ..*  • 

• 1 ; ' • ; • 1 
Engine  Status/Recorder  Data  to  Vehicle  . “ ; " ; ' 

The  parameters  listed  in  Table  V,  Engine  Status  Transmitted  to  Vehicle, 
are  supplied  to  the  vehicle  interface  upon  request  of  the  vehicle.  The  parameters 
listed  in  Table  VI,  Status/Recorder  Data  Transmitted  to  Recorder,  are  supplied  to  the 
vehicle  interface  automatically  every  40  plus  or  minus  2 milliseconds.  The  engine 
will  initiate  a transmission  of  the  parameters  listed  except  when  memory  is  being 
loaded  or  readout.  The  transmission  of  engine  status/recorder  data  will  not  be  in- 
terrupted by  command  words  from  the  vehicle.  Each  serial  digital  data  word  on  the 
status/recorder  channels  will  consist  of  16  bits  plus  a parity  bit  per  word.  The 
number  of  logical  "ones"  in  the  status/recorder  channel  word,  including  the  parity 
bit,  shall  sum  to  an  odd  number.  The  word  sync  pulse,  data  bits,  and  parity  bit 
for  engine  data  and  memory  readout  words  will  be  transmitted  on  all  status/recorder 
channels.  The  engine  status  word  listed  in  Table  V (data  v/ord  3)  is  further 
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clefined  in  Table  VIII.  This  word  is  divided  into  seven  groups  of  information: 
command  status,  channel  status,  PRT  status,  limit  control  inhibit/enable  status, 
engine  operation  phase,  engine  operation  mode,  and  engine  self-test  status. 
Failure  identification  provision  is  provided  by  data  words  6,  7,  and  8.  Data 
word  6 will  be  a failure  identification  coded  word  and  will  identify  the 
particular  limit  exceeded  or  failed  item.  Data  word  7 will  be  an  identifying 
test  number  associated  with  data  word  6 and  will  include  information  concerning 
the  number  of  failures  experienced.  This  information  shall  cover  all  detectable 
failures  and  not  be  limited  to  failures  which  cause  redundancy  switching. 

Data  word  8 will  be  a parameter  value  associated  with  information  contained  in 
data  words  6 and  7.  ,The  data  word  order  listed  may  be  altered  by  modification  - 
of  the  controller's  software  program.  i ' j ! 
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CREW  STATION  CRT  DATA  DISPLAY  • • - 

’(ALTERNATE  PREFERRED  METHOD) 

Under  the  guidelines  of  using  real-world  software  and  GNC  computers, 
there  exists  the  requirement  to  supply  the  GNC  computers  with  all  data 
transmitted  from  the  controller  to  the  GNC  computer  at  the  real  world 'rate. 

With  this  requirement  the  iteration  rate  of  the  interfacing  computer 
simulating  the  main  engine  controller  is  fixed  to  the  GNC  rate.  For  the 
functional  simulation  of  the  main  engine  to  supply  the  data  transferred 
. across  the  interface  requires  extensive  processing  for  data  to  be  displayed 
at  the  crew  station  CRT  and  for  recording  purposes.  ’ 

In  the  past  data  recording,  unless  it  can  be  used  for  on-board  usage, 
has  been  simulated  only  when  required  by  MCC.  Since  this  recorded  data  is 
primarily  intended  for  post  flight  maintenance  it  is  felt  that  this  feature 
' is  not  required.  : /'•.  • 

By  elimination  of  the  recorder  problem,  the  simulation  of  the  crew  station 
CRT  display  of  the  main  engine  data  can  be  accomplished  by  bypassing  the 
control  1 er-GNC-  Data  Display  Computer  entirely  and  using  a direct  interface 
..  between  the  main  host  computer  and  the  crew  station  CRT  display.  T^hj_sT.  . . .. 

( interface  would  require  a slow  one  or  two  per  second  update  as  compared  to 
•t  the  five  per  second. 
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By  using  the  functional  controller  approach  (Method  II)  and  supplying 
only  those  parameters  actually  used  for  comparison  in  the  controller,  the 
interfacing  program  should  be  able  to  be  reduced  from  429,000  instructions  per 
second  to  an  estimated  43,000  instructions  per  second.  This  approach  would  still 
supply  the  crew  station  with  the  displays  required  at  a reasonable  rate. 

It  is  to  be  noted  however,  that  this  method  may  then  require  all  inputs  to  the 
crew  station  display  CRT  to  be  via  the  interfacing  computer.^  This'may  prove  to  be 

i * •• 

an  advantage,  in  that  crew  station  display  malfunctions  could  be  entered  in  all 
systems'  displays  without  a multitude  of  interfacing  parameters  being  transferred 
--  . from  the  host  computer  to  the  GNC  and  Data  Display  Computer  and  then  to  the 
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. MAIN  ENGINE  SIMULATION ' CONCEPT  ! ...  . . 

The  simulation  of  the  Shuttle  main  engines  during  the  boost  phase 

of  the  mission  may  be  approached  by  several  overall  design  concepts.  The 
main  engine  thrust  forces  and  mass  calculations  during  a nominal  boost 
phase  require  a high  degree  of  accuracy  so  that  the  burn  time  to  reach  orbital 
velocity  compares  within  0.5  second  to  the  reference  trajectory.  To  match  the 
reference  trajectory  data,  the  engine  simulation  of  thrust  and  mass  would 
have  the  desired  accuracy  required  to  represent  the  engine  in  normal  operation. 

In  an  off-nominal  or  abort  situation,  the  simulation  would  use  only  the  functional 

:i  ..  . 

model. The  functional  model  must  be  designed  so  that  minimum  corrective  techniques 
are  used  to  adjust  the  simulation  to  the  reference  trajectory.  It  may  then 

i ■ . 

-be  assumed  that  in  off-nominal  situations  the  engine  model  is  fairly  realistic  — 
to  the  real  world  design.  ' ; ; ']  ; . ;■  'i  . . . .! 

J_  An  alternate  approach  would  be  to  use  the  functional  model  • 

of  the  engine  to  match  the  reference  trajectory.  This  method  has  been  used  - 
in  the  Apollo  real-time  simulators;  however,  the  program  required  modification 
of  coefficients  each  time  a new  reference  trajectory  was  released  so  that  _ 

. engine  cut-off  time  could  be  matched.  Because  of  the  variety  of  trajectories 
and  the  short  time  of  incorporation  of  reference  trajectory  required,  this 
method  would  reauire  a large  man-hour  expenditure  for  each  trajectory  change. 

- - A third  approach  would  be  to  use  the  reference  trajectory  parameters 

as  a table  look-up  with  curve  fit  functions  used  to  calculate  intermediate  ~l 
time  point  data.  This  method  yields  the  most  accurate  representation  of  the 
nominal  reference  trajectory,  but  does  not  solve  the  problem  of  off-nominal 
operating  conditions.  The  off-nominal  situation  could  be  simulated  using 
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a functional  engine  model;  however,  it  is  felt  that  this  method  is  highly 
undesirable  for  minor  variations  to  the  simulation.  -•  ' 

A generalized  functional  system  concept  for  simulation  is  shown 
in  Figure  3.3.2. 1-3.  This  figure  shows  the  major  functions  of  the  main 
engine  functional  simulation.  The  simulation  model  will  accept  crew  station 
switch  and  circuit  breaker  status  and  internal  switching  logic  to  determine 
valve  and  display  position.  Electrical  power  available  will  be  provided  by  the 
EPS  simulation.  The  ECS  simulation  will  be  provided  with  base  heating  rates 
for  thermal  modeling  as  required.  Telemetered  data  and  inputs  to  the  C/W 
model  will  be  provided  by  functional  simulation  within  the  main  simulation 
computer  without  using  the  interface  controller  computer.  Controller  status 
will  be  interfaced  to  provide  correct  simulation  fidelity  for  those  required 

functions.  These  general  interfaces  are  shown  in  Figure  3. 3. 2. 1-4.  Refer 

1 ‘ . ■ ■ 

also  to  Figure  3. 3. 2. 1-7.  - - ~ " - 


i ; I 


HELIUM  REPRESSURIZATION 


Figure  3. 3. 2. 1-3  Simplified  Main  Engine  System 
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This  section  describes  the  general  form  of  equations  used  to  represent 
the  different  processes  of  the  SSME  system.  The  conceptual  design  for  the 
SSME  simulation  model  has  been  formulated  using  basic  process  descriptions 
as  system  building  blocks.  ; 


MAIN  ENGINE 
FUNCTIONAL  SIMULATION 


1 

HELIUM  STORAGE 



HELIUM  PRESSURIZATION 

TANKS 

... 

MANIFOLD 

PROPELLANT  TANK 
EQUATIONS 


ENGINE  PERFORMANCE 
EQUATIONS 


FIGURE  3. 3. 2. 1-5 


; Helium  Storage  Tanks  \.j : . ' ...  ; . ‘ . . -4--'  ‘ ' 

A 4,000  psi  helium  storage  system  with  750  psig  regulation  capability 
is  provided  in  the  orbiter  for  valve  actuation  and  engine  helium  requirements. 
During  re-entry  and  recovery,  the  MPS  fluid  system  will  be  repressurized  with 
helium  to  preclude  the  entrance  of  contamination  into  the  system. 
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The  system  is  comprised  of  three  storage  tanks.  No.  1 He,  Mo.  2 He, 
and  COMMON  He.  No.  1 Helium  system  is  used  to  repressurize  the  LO?  propellant 
system  and  No.  2 Helium  system  is  used  for  the  LH2  system.  The  COMMON 
Helium  tank  provides  helium  to  both  No.  1 and  Mo.  2 systems  through  a 
common  manifold. 


Mo.  1 
He 


COMMON 
i He  , 


Mo.  2 
He  > 


>£-.)  - • ;■  - ■-  ■=. ; x-i>  ... 

L FIGURE  3.3.2. 1-6-'  I 

'} 

The  initial  gas  storage  pressure  P.  for  a tank  may  be  expressed  as: 


p = R(T.  + 460) 


fe-.4 


on 
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v/here:  R 


Helium  Gas  Constant  - 386  ft/  R 


T = Temperature  of  Helium  - F 
Vt  = Tank  Volume  - Ft.3  - Constant 
WHe.  = Initial  Helium  Weight  - pounds 

8 = Non-perfect  gas  correction  factor  - function  of  temperature 

Initial  values  for  Helium  weight  and  temperature  would  be  provided 
through  simulator  initialization  (reset). 

Helium  weight  would  be  computed  from: 


WHen  - WHVl  ~ / 


WH  dt 
e 


Helium  temperature  would  be  computed  from 


-(j)  (Tn_x  + 460 ) WHe  + Kt ( T a - T.J- 


Cv  WHen 


wnere: 


THe  = Helium  temperature  - present  iteration 
n. 

T,,  = Helium  temoerature  - last  iteration 


WHe  = Weight  flowrate  of  helium  out  of  tank 


= Weight  of  Helium  - present  iteration 
= Joules’  Constant  - 778 


= Effective  thermal  conductivity  of  helium  tank  - BTU/min  - F 
= Ambient  temperature  of  Helium  tank  . 

= Internal  temperature  of  Helium  tank  . . ■ 


Specific  heat  of  helium  at  constant  volume  - BTU/lb  - °F 
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Helium  Pressurization  Manifold 

Helium  flowrates  out  of  the  helium  storage  tanks. can  be  computed 
from  the  simplified  equation  for  compressible  fluid  flow  in  a line  having 
resistance,  R,  measured  from  Point  1 to  Point  2: 


is  computed  for  each  helium  line  and  would  have  the  units 

mi  n2 
in2Jb 


Simulated  flowrates  will  be  controlled  by  discrete  logic  developed 
to  simulate  valve,  regulator,  and  helium  free  path  conditions. 

The  pressure  at  any  point,  x,  in  the  helium  manifold  can  be  computed 
from  the  pressure  upstream  of  Point  x (i.e.,  the  regulated  outlet  pressure) 
minus  the  pressure  drop  at  Point  x. 


where  R is  the  resistance  of  the  line  from  the  regulator  to  Point  x. 
£ 

It  is  anticipated  that  temperature  for  any  point  in  the  helium 
manifold  is  not  a simulation  requirements  since  this  parameter  is  not 
monitored  by  the  flight  crew. 
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Propellant  Tank  Equations 
Propellant  Temperature 

The  fuel  (LH2)  and  oxidizer  (L02)  temperatures  will  be  computed 
from  initial  temoerature  versus  time  tables 


Tfu  = fi(tinie) 
= f2(time) 


ox 


Ullage  Pressure  and  Temperature 

The  ullage  pressure  at  any  time  can  be  expressed  as  a simple 
function  of  the  total  mass,  total  volume,  average  temperature,  and  average 
molecular  weight  of  the  tank  gas,  and  the  universal  gas  constant. 

m.  T . R 
p — to  tg 

U V.  M,  • • 

, tg  tg 

The  values  for  mtg,  Vtg,  T^  , and  may  be  obtained  at  any  time 
from  the  following  rate  equations:  •'  ' 1 • 


m.  = m + / m dt 

. tg  tg.  I tg 


V = V 
tg  Vtg 


rfi 


T = T 
tg  tg 


V.  dt 
tg 


M = M.  + I M.  dt 
tg  tg.  J tg 


, +/T 


T.  dt 
tg 


The  parameters  which  generally  experience  the  greatest  change 
and  therefore,  have  the  greatest  effect  on  the  tank  pressure  are  the  gas  mass 
and  volume.  The  change  in  the  mass  of  pressurizing  gas  is  obtained  from 
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the  flowrates  of  any  gases  entering  or  leaving  the  tank,  plus  any  mass 
transfer  between  liquid  and  gas  phases  in  the  tank.  The  change  in 
gas  volume  is  equal  and  opposite  to  the  change  in  liquid  volume  in  the 
tank.  The  change  in  liquid  volume  is  primarily  due  to  propellant  outflow 
to  the  engines,  but  also  includes  the  effects  of  propellant  mass  transfer 
and  density  changes. 

The  changes  in  tank  gas  temperature  depend  on  the  energy  balance 
for  the  total  tank  gas.  The  energy  terms  involved  in  the  balance  are 
related  to  a -number  of  possible  factors:  • . ' 

1.  Specific  enthalpy  and  flow  rate  of  the  entering  gas. 

2.  Mass  transfer  between  gas  and  liquid  phases. 

3. -  Heat  transfer  between  gas  and  liquid  phases  and  between  gas 

and  tank  wal 1 . 


wnere: 


4.  Change  in  internal  energy  of  the  gas  phase.  . . 

5.  ''  Expulsion  work  on  the  propellant  P 

; VF’a- 

Tg  ' 

Q = heat  quantity  rate 
h = specific  enthalpy  of  tank  gas 

m = mass  flowrate  of  gas  • • 

u = specific  internal  energy 

p = pressure  of  tank  gas 

v = rate  of  change  for  ullage  volume 


P V 
t t 
s g 


= specific  heat  capacity  at  constant  volume 
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Subscri pts : 

g = ullage  gas 
e.  = entering 
v = vaporization 
t = tank 

• • 

The  solutions  to  the  equations  for  m , v , M , and  T require 

rs  ts  ts  ts 

a knowledge  of  the  thermodynamic  properties  of  the  gases  concerned,  the 
heat  transfer  rates,  mass  transfer  rates,  in-flow  rate  and  temperature, 

and  the  out-f.low  rates.  

Propellant  Densities 

Using  the  temperature  and  tank  ullage  pressure,  the  density  of 
each  propellant  can  be  determined  from  the  following  expressions: 


pox  ^Pox’  Tox> 


fuel ’ fuel 


32S-8 
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• Propellant  Tank  Volume 

The  total  volume  should  be  the  volume  of  the  tank  under  use 
conditions,  i.e.,  tank  stretch  due  to  the  internal  pressure  should  be 
considered,  and  tank  shrinkage  due  to  the  cryogenic  propellants  should  be 
included. 


where: 


VT  = Vc  + 4Vp  + 4VTEHP 


Vj  = Total  tank  volume  under  use  conditions 

Vc  ‘=  Tota‘i  Tank  volume  at  Opsig  internal  pressure  and  ambient 

temperature 

A^p  = Change  in  total  volume  due  to  internal  pressure 
TlMP  = Change  in  total  volume  due  to  temperature  • ■ ~ 

The  tank  ullage  volume  can  be  computed  from:  . .. 


VULLAGE  = VT  " VPR0P 


• . t Acceleration  Head  r • ' 7 

The  vertical  distance  from  the  propellant  levels  in  the  tanks  to 
particular  levels  of  interest  in  the  feed  system  is  required  (due  to 
vehicle  acceleration)  in  the  calculation  of  pressures.  The  levels  of 
interest  in  the  simulation  are  the  liquid  levels,  tank  bottoms,  engine 
i r.ed  system,  interlace,  and  thrust  chamber.  The  heights  from  tank  bottom 
to  interface  (HIT)  and  interface  to  thrust  chamber  (HCI)  are  considered, 
oei ng  dictated  by  HPS  dimensions. 


398 


0ATE  3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE 

NO. 

3-62 

REV. 

BINGHAMTON.  NEW  YORK 

REP. 

NO. 

Tank  Liquid  Levels 

The  levels  will  be  determined  using  height-volume  tables.  The 
volumes  used  will  be  the  volume  of  all  of  the  oxidizer  or  fuel  left  in 
the  propulsion  and  feed  system.-  - 

*Vuel  ' f(Vfuelt' 

Hox  = f<Voxt> 

■ Total  Height  - Tank  Liquid  Level  to  Chamber 
HCLFO  = Hfuel  + HIT  + HCI 

HCLOX  = Hqx  + HIT  + HCI  . 


where:  ptb  = Pressure  at  bottom  of  propellant  tank 

. Pj.  = Ullage  Pressure  . r ... 

Hprop  = Height  of  Propellant  in  Tank 

Xfaody  = Vehicle  Acceleration  along  X body  axis 

G = Earth's  gravitation  along  x body  axis 
b 

ppr0D  = Usnsity  of  propellant  as  a function  of  ullage  pressure 
p ^ and  temperature  . • 

g = Gravitational  constant  - 32.2  feet/second2 


u. 
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Engine  Equations 

Propellant. flow  rates  can  be  based  on  the  Bernoulli  equation: 

y„p 

where:  Px  = Inlet  pressure  - psi 

P2  = Outlet  pressure  - psi 
p = Propellant  Density  - lbm/ft3 
R = Flow  resistance  - lby  sec2/lb|i) 

I 

Flow  Rate  Relations 

Mixture  ratio  = MR  = l-I  /W-  , 

ox  fuel 

Total  Propellant  Flowrate  = l-ly  = W 

Engine  Performance  Equations 
The  engine  performance  equations  for 
be  based  on  the  digital  simulation  prepared  by  North  American  Rockwell  Corp. 

This  digital  simulation  for  the  SSME  is  described,  in  MAR  document  .RL00001, .Rev.  B. 
This  approach  should  allow  for  the  most  convenient  modification  to  the  SSME 
simulation  upon  receipt  of  NAR  change  data  and  should  provide  for  efficient 
correlation  of  simulator  performance  with  MAR  predicted,  or  actual  - 

performance,  data  for  the  SSME.  ; "■  < _ 


ft5 


+ W 


fuel 


the  SMS  SSME  simulation  should 
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ir.e  Controller  Simulation 


Concept  1-  Flight  Software  Simulation 


A translative  type  flight  program  appears  as  a possible  working 
solution  to  the  digital-analog  interface  simulation.  Since  the  analog 
function  is  continuous  and  the  digital  interface  function  is  by  cyclic 
steps,  a problem  is  created  by  the  differences  in  the  two  computer  basic 
program  cycles.  " ~ "*7  ~ 

Figure  3. 3. 2. 1-7  shows  the  proposed  interface  structure  between  the 

three  computer  groups;  GNC,  Controll er/Interface,  and  the  host  computer. 

In  the  translative  approach,  the  interface  between  the  GNC  computers 
and  the  engine  controll er/interface  computer  presents  no  particular 
problem  of  timing  or  data  rate  of  computation  because  the  proposed 
computers  parallel  the  real  world  installation. 

: The  simulation  of  the  controller  functions  by  the  actual  flight 

software  may  be  accomplished  by  furnishing  the  required  inputs  and  outputs 
at  the  required  data  rates.  Use  of  the  flight  software  in  a seperate 
computer  which  can  function  the  same  as  the  real  world  HDC601  solves  the 
major  interface  problems  of  command  and  response  between  the  GNC  computer 
and  the  controller  computer.  The  remaining  interface  problem  is  between 
the  controller  computer  and  the  functional  main  engine  simulation  computer 
Since  in  the  real  world  the  controller  would  normally  interface  with 
analog  type  inputs  and  outputs,  provision  must  be  made  in  the  controller 
computer  to  accept  digital  coded  data.  For  outgoing  commands  DCE  is  also 
not  required  because  of  the  digital  interface. 


FIGURE  3. 3. 2. 1-7  SSME  SIMULATION  INTERFACES 
(Typical  1 of  3) 


CONTROLLER/COMPUTER  SOFTWARE  ‘ i ! T j . j C;  !•’  | : .'SSME  FUNCTIONAL  SOFTWARE 

; (INTERFACE  COMPUTER)  . 11  L . _ ! 1 11 J . (HOST  COMPUTER) 
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In  the  interface  between  the  controller  computer  and  the  host 
computer,  the  software  buffer  areas  and  equation  requirements  are 
shown.  The  commands  from  the  GNC  computer  may  require  minor  processing 
both  before  and  after  computation  in  the  flight  software  program.  Within 
the  host  computer  the  difference  between  computer  word  lengths 
(16  bits  and  32  bits  or  36  bits)  requires  an  unpacking  routine  to  seperate 
the  interface  buffer  of  100  words  (estimated)  into  the  original  200  commands. 

■ The  analog  engine  performance  data  in  the  real  world  that  is  sampled 
at  rates  of  25,  50,  100,  and  200  samples  per  second  must  be  simulated  to 
supply  the  controller  computer  with  values  which  will  not  cause  the  program 
to  go  into  a malfunction  mode  during  nominal  simulated  operating  conditions. 
•This  approach  must  also  allow  for  malfunctions  which,  when  sensed,  cause 
the -•control  1 er  computer  "fl  ight  software  to  respond  similar  to  the  real 
world  system.  An  approach  to  the  solution  of  the  controller  interface 
for  the  high  rate  data  problem  is  during  the  intermediate  computation 
cycles  to  use  the  controller  calculated  values  rather  than  functionally 
generated  values  for  the  iteration  parameter  monitoring.  This  approach 
is  allowable  because  the  engine  simulation  response  is  ideal  (no  malfunctions) 
"and  the  controller  calculated  value  would  equal  the  functional  value  it  the 
functional  model  were  to  be  executed  at  that  point  in  time.  Malfunctions 
•in  the  engine  model  which  would  cause  deviation  from  the  ideal  value  can 
be  included  in  the  software  within  the  interface  co-puter.  The  controller 
computer  instruction  used  to  initiate  the  analog-to-digital  conversion  of 
the  parameter  could  be  translated  into  a signal  to  execute  a routine  to 
transfer  the  data  word  used  for  comparison  into  the  expected  D/A  address, 
ot  to  enter  a malfunction  value  based  on  system  condition,  or  to  enter  the 
-functional  simulated  value.  — - ■ . 
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This  process  would  cause  the  present  calculated  value  to  possibly  be 
compared  to  the  past  calculated  value  dependent  on  the  arrangement  of 
the  flight  software  statements. 

It  is  to  be  noted  that  under  this  approach  no  modification  to  the 
flight  software  is  required,  with  the  possible  exception  of  the  executive 
control  for  the  interface  computer  and  the  translative  instruction 
for  transfer.  . . 

This  approach  is  shown  in  a graphic  manner  in  Figure  3. 3. 2.1-8.^  The 
bottom  of  the  bar/figure  represents  the  controller  computer  program  and 

it^cxcjjc  rate  of  sampling  data  at  100  samples/second.  The  top  of  the  bar/ 

■ ktT*-*" 

\ figure  - represents  the  main  computer  program  and  it's  cyclic  rate  of  main 

^ . ‘‘J  . 

engine  data  simulation  at  20  samples/second.  Case  1 shows  a comparison 
where  the  parameter  calue  calculated  in  the  main  computer  is  compared  to  the 
predicted  calue  in  the  controller  computer.  On  the  following  machine  cycle;;^^^ 
- - • of  the  controller  computer,  the  main  computer  will  not  have  updated  the 
engine  parameter  values.  The  cue  to  input  the  DCE  in  the  normal  flight 
software  could  indicate  that  a new  value  of  data  should  be  entered.  At 
point  2 the  comparison  would  be  made  then  by  using  the  last  predicted 
value  of  the  parameter  as  a test  for  the  value  predicted  at  this  time 
..point.  The  values  will  be  in  the  tolerance  limits  of  the  flight  software 
because  of  rate  limiting.  This  condition  will  repeat  until  the  main  , 

computer  updates  the  functional  value.  At  that  update,  the  functional 
value  would  be  loaded  rather  than  the  predicted  value  for  comparison  A.  . 

purposes.  A malfunction  when  entered  into  the  main  computer  would  be 
.transferred  over  the  interface  to  cause  simulation  of  malfunctioning 
parameters,  instrumentation  or  signal  conditioning.  On  the  cycles 
following  the  transfer,  the  malfunction  parameter  value  would  cause  the 
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controller  computer  to  react  identical  to  a real  world  situation. 

This  process  is  shown  in  Figure  3.3.2. 1-9. 

Data  generated  by  the  host  computer  for  performance  monitoring  at 
rates  of  5 per  second  and  1 per  second  require  minor  conversion  to  be 
compatible  to  the  controller  flight  software.  Instrumentation  signal 
conditioning  power  available  booleans  need  to  be  checked  for  the 
measurements  and  the  computer  word  converted  from  a floating  point 
number  to  ,f  fixed  point  with  a scale  range  limit  imposed..  The  limit  is 
- defined  in  the  table  for  flight  data.  In  addition  the  host  computer 
words  require  packing  into  a sixteen  bit  word  format  prior  to  transmission. 
Because  of  the  rate  differences  in  the  two  computers,  a 600/1200  word 
•buffer,  or  one  full  second  of  simulated  data,  is  transmitted  to  the 
interface  computer.  This  provides  a buffer  area  that  is  suitable  for 
direct  insertion  of  the  higher  rate  data  parameters  without  reformating 
the  data  into  a secondary  buffer.  • The  data  may  then  be.mul tipi exed  by 
selection  of  the  buffer  section  which  corresponds  to  the  controller 
frame  cycle.  NOTE:  .The  buffer  provides  one  second  of  data  divided  into 

7 twenty-five  distinct  sections  matching  the  real  world  multiplexer  format 
as  previously  described. 
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Figure  3. 3.2. 1-9  Modification  of  Flight  Software 
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CONCEPT  2 - Functionally  Simulated  SSME  Controller 

This  concept  is  basically  a functional  model  of  the  real  world 
system  described  in  North  American  Rockwell  Document  RC 1010  Computer  Program 
Requirements  - Controller,  Revision  C.  This  real  world  description  was  modified 
to  consist  only  of  the  interfaces  required  either  by  the  GNC  Computer  or  the 
functional  Main  Engine  Simulation.  Redundancy  testing  for  malfunctions 
(which  in  the  simulated  wro'ld  are  controlled  entries)  and  internal  logic 
testing  was  deleted  to  reduce  the  program  software  requirements. 

The  computer  programs  defined  by  this  specifications  are  ordered 
sets  of  instructions  and  data  required  for  the  operation  of  the  functionally 
simulated  Space  Shuttle  Main  Engine  (SSME)  Controller  Computer.  These  programs 
shall  be  the  SSME  Controller  software  necessary  to  control  the  functionally 
simulated  SSME  during  Shuttle  Mission  Simulator  (SMS)  operation. 

_ • Specific  computer  programs  which  will  accomplish  this  stated 

control  objective  are  defined  in  the  following  paragraphs. 

Controller  Program  - The  Controller  Program  will  be  used  for 
control  of  functionally  simulated  SSME  operation  during  all  phases  of  SMS 
operational  use.  A typical  operational  mission  seauence  is  shown  in  Figure 
3.3.2.1-10.  This  sequence  is  characterized  by  the  successive  occurrences  of 
different  engine  operating  phases.  Each  phase  is  characterized  by  the  type  of 
control  functions  which  are  occurring.  These  phases  and  characteristic  functions 

are  as  follows:  • ■ ■ 

. (a)  Checkout  - Includes  preflight  calibration  of  pressure 
sensors  and  a simulated  start  and  shutdown  seouence,  without  propellants  in  the 
engine  system.  ; . ; 


iL. 


TYPICAL  ENGINE  MISSION  SEQUENCE 
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(b)  Start  Preparation  - Includes  functions  required  to 
condition  the  engine  for  starting  such  as  purging  and  control  of  propellant 
recirculation. 

' ..  (c)  Start  - Functions  required  to  start  and  sequence  the 

engine  to  mainstage  are  included  such  as  valve  sequencing,  ignition,  and  thrust 
buildup  control . 

(d)  Mainstage  - Encompasses  functions  required  for  continuous 
• performance  control  in  the  mainstage  power  range  which  is  between  50  percent 

and  109  percent  of  normal  power  level  (NPL). 

(e)  Shutdown  - Includes  functions  required  to  shutdown  the 
engine  such  as  thrust  decrease  ramp  control,  and  programmed  dosing  of  valves. 

(f)  Post  Shutdown  - Normally  a quiescent  standby  stage  of 
control  operation  except  for  controller  self  test  functions  which  occur  contin- 
uously whenever  power  is  one.  Optional  functions  of  propellant  dumping  or 
abort  turnaround  are  possible  during  this  phase. 

During  all  phases  of  operation  the  Controller  Program  performs 
data  processing  functions  for  failure  detection  and  status  data  supplied  to 
the  vehi cl e.  . i • 

As  system  operation  progresses  through  an  operating  phase,  different 
combinations  of  control  functions  are  operative  at  different  times.  These 
different  operating  combinations  within  a phases  are  defined  as  operating  modes. 

: As  an  example,  the  Mainstage  phase  has  the  following  operating  modes:  ... 

Normal  Control  ' , . - - ' - . r-  ;•  ~ . 

Thrust  Limiting 
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Operating  mode  definitions  for  all  phases  are  given  in  Table  XIX. 
Operational  program  functions,  their  sequencing  and  timing  will  later  be 

related  to  the  phases  and  modes  of  system  operation. 

Because  some  functions  are  performed  in  more  than  one  operating 
phase  or  mode  the  logic  required  for  operational  control  of  the  functionally 
simulated  SSME  shall  be  divided  into  several  grouDings  of  functional  logic 
which  in  combination  are  capable  of  performing  all  logical  operations  reouired 

for  control  of  the  SSME.  • 

This  specification  presents  a set  of  Functional  Elements  which 
define  the  requirements  of  the  Controller  Softv/are.  This  has  been  done  to 
more  clearly  present  functional  reouirements  of  the  program  and  to  show  the 
interrelation  between  these  requirements.  The  Controller  Program  end  product 
shall  be  made  up  of  a set  of  subprograms  called  Computer  Program  Components 
(CPC's).  Organization  of  the  Operational  Program  into  specific  CPC  s to 
coincide  with  the  organization  of  the  Functional  Elements  as  presented  in  this 
specification  is  not  a requirement.  However,  the  resulting  program  must 
accomplish  the  functions  and  meet  the  performance  requirements  of  this 

specification.  . ; : ; 1 : : 

Controller  Program  Definition  - The  Controller  Program  shall 

satisfy  the  requirements  of  the  nine  Functional  Elements  shown  in  Figure 
3.3.2.1.41.  These  Functional  Elements  are  defined  in  the  following  subpara- 

graphs . - ' : V - • 
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OPERATIONAL  PROGRAM 


EXECUTIVE 

25/sec 


CHECKOUT 


LIMIT 

MONITORING 



START 

PREPARATION 


25/sec 


SENSOR  DATA 
PROCESSING 


25/sec 


POWER  RANGE 
CONTROL 


25/sec 


GNC  DATA 
PROCESSING 


25/sec 


! FIGURE  3.3.2.1-01 

OPERATIONAL  PROGRAM  FUNCTIONAL  ELEMENTS 
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Executive  Functional  Element  - This  functional  element 
establishes  the  sequence  of  operations  to  be  performed  by  the  controller  software. 
Operation  of  the  Executive  Functional  Element  is  cyclic.  Under  normal 
operation,  whether  on  the  ground  for  checkout  or  during  flight,  the  controller 
computer  progresses  through  the  Executive  Functional  Element  performing  program 
logical  operations  in  an  endless  loop  (25/sec).  Each  loop  through  the 
functional  element  is  called  a major  executive  program  cycle.  The  loop  may 
be  revised  by  any  one  of  several  types  of  events  which  cause  an  interrupt  in 
the  existing  sequence: 

(a)  Command  received  from  GNC  alters  a phase  or  mode  of 

operation.  • . 

".'(b)  A built-in  test  program  determines  component  malfunction. 

(c)  Engine  limit  detection  monitor  determines  an  engine 

limit  has  been  exceeded . - - ...  • : ♦ ; 

■ The  Executive  Functional  Element  contains  the  logic  to 

evaluate  all  of  the  three  events  listed,  update  engine  status  information  . 
supplied  to  the  GNC  and  change  the  combination  of  subprograms  being  processed 
by  the  computer. 

: Controller  Self  Test  Functional  Element  - This  functional 

element  is  executed  once  during  every  5 major  executive  program  cycles.  It 
verifies  the  status  of  all  controller  components.  If  a component  malfunction 
which  does  not  impair  the  operability  of  the  controller  is  detected,  the 
malfunction  is  indicated  and  the  next  step  normally  performed  in  the  test 
sequence  is  executed.  If  a malfunction  occurs  which  results  in  an  inoperative 
controller  channel,  the  malfunction  is  indicated  and  control  is  transferred 
to  the  Executive  Functional  Element  for  the  processing  of  channel  shutdown. 
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Checkout  Functional  Element  - This  functional  element 
performs  preflight  calibration  of  specified  performance  control  sensors.  A 
simulated  start  and  shutdown  seduence  is  also  provided  to  verify  the  operation 
of  some  sensors,  engine  control  components,  without  propellants  in  the  engine 
system. 

Start  Preparation  Functional  Element  - This  functional 
element  controls  system  purges  and  propellant  conditioning  during  preparation 
for  engine  start.  It  also  verifies  propellant  conditions  prior  to  indicating 
an  Engine  Ready  status  for  start. 

Four  sequence  conditions  are  required  to  condition  the 
engine  for  start.  These  include:  (1)  GN2  (gaseous  nitrogen)  purge  of 

oxidizer  system  and  HPOT  (high  pressure  oxidizer  turbopump)  Turbine  Seal  until 
engine  start  and  helium  purge  of  HPOT  Intermediate  Seal;  (2)  helium  purge 
of  the  fuel  system  prior  to  dropping  propellants;  (3)  propellant  recirculation 
when  propellants  are  dropped;  and  (4)  helium  purge  of  the  fuel  system  repeated 
.prior  to  engine  start.  The  time  allocated  for  each  purge  is  controlled  by  the 
vehicle.  Interlocks  in  the  software  program  verify  that  the  sequence  is  correct 
and  that  conditions  are  acceptable  prior  to  initiating  each  purge.  Correct 
purge  pressure  conditions  are  verified  each  major  cycle  of  the  Executive 
Functional  Element. 

Power  Range  Control  Functional  Element  - This  functional 
element  controls  engine  operation  during  the  start,  mainstage,  and  shutdown 
phases  of  engine  operation. 

Duri ng  start,  valve  positions  are  sequenced  and  programmed, 
igniters  are  energized,  ignition  verified,  and  closed  loop  thrust  and  mixture 
ratio  control  is  initiated. 


u. 
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In  the  Mainstate  Phase,  engine  thrust  and  mixture  ratio  are 
controlled  to  reference  levels  supplied  from  the  CMC.  The  thrust  and  mixture 
ratio  control  perform  dynamic  compensation  functions  on  feedback  sensor  signals, 
conditioning  of  reference  signals  for  rate  of  change  and  limits,  computation 
of  performance  errors  and  control  compensation  of  derived  errors  to  provide 
control  valve  position  reference  signals.  Closed  loop  temperature  limit  • 

control  functions  are  also  performed.  _•  i 

- Thrust  decrease  programming  and  valve  seauencing  functions 
are  performed  during  the  Shutdown  Phase.  Logic  is  also  provided  for  Limit  ; 

• • ■ - ' ' . . - , ^ ..  f 

Shutdown  or  Emergency  Shutdown  from  any  thrust  level.  i ' J . .. 

, Post  Shutdown  Control  Functional  Element  - This  functional 

t i ' ; 

element  contains  control  logic  for  the  engine  durinq  the  Post  Shutdown  phase 
of  engine  operation.  Three  types  of  operational  modes  are  controlled  by  the 

: logic  and  may  be  selected  by  vehicle  command.  These  are:  

"'"(a)  Standby  ' ' 7"  , " i ^ 1 , : .1 

' '!  . : (b)  Propellant  Dump  (Oxidizer  Dump  and  Fuel  Dump  Modes) 

—'■  - (c)  Abort  Turnaround  (Sequence  No.  1 & Sequence  No.  2 Modes) 

! Standby  - This  is  'a 'waiting  mode  of  controller  operation 

normally  entered  at  the  completion  of  the  Shutdown  phase.  In  this  mode  only 
•the  Executive,  Sensor  Data  Processing,  GNC  Data  Processing,  and  Controller  •; 
Self- test  Functional  Element  operations  are  being  performed. 
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Propellant  Dump  - The  propellant  dump  modes  of  operation 
sequences  valves  and  provides  interlocks  for  safe  control  of  propellant 
dumping.  The  duration  of  dumping  for  each  propellant  is  controlled  by  the 
GNC.  Separate  commands  are  required  from  the  GNC  to  initiate  oxidizer  dumping, 
then  fuel  dumping,  and  terminate  the  process.  * •.  • • - ~ 

Abort  Turnaround  - The  abort  turnaround  modes  of  control 
are  a modified  Start  Preparation  sequence  used  to  prepare  the  engine  for 
start  shortly  after  an  aborted  firing.  The  sequence  timing  is  controlled  by  - 
the  GNC.  Logic  is  provided  to  ensure  that  a proper  seouence  is  performed  and 

that  conditions  are  correct  before  an  Engine  Ready  Status  signal  is  given.  •. 

> 

; «... . Limit  Moni tori nq  Functions!  Eloniont  — This  "functions!  - " -■ 

— ■ ,r  " » 

: element  checks  limit  shutdown  parameters  and  actuator  position  errors  against 

specified  limits  relative  to  the  phase  operating  reoui rements . Unsatisfactory; 

■ status  conditions  are  identified  for  evaluation  and  corrective  action.  ' 

; The  Limit  Monitoring  Functional  Element  is  operative  every 

major  executive  program  cycle.  During  all  operational  phases  propellant  valve 

: position  commands  and  indicated  positions  are  compared  to  verify  correct 

positioning.”  Monitoring  functions  for  other  system  parameters  occur  during 

flight  operation.  These  functions  vary  according  to  the  operating  phase  and 

•status  within  the  phase.  . - -■  - ~ • - ••w-.-y-  - 

. ' ( 

Sensor  Data  Processing  Functional  Element  - This  functional 
element  is  active  every  executive  program. cycle.  It  scales  raw  data  from 
sensors  with  redundant  channels.  Scaled  values  are  obtained  by  using  calibration 
constants  stored  in  memory.  Status  on  malfunctioned  sensors  is  indicated. 

This  functional  element  also  processes  scaled  sensor  measurements  to  produce 
propellant  weight  flow  rates,  engine  mixture  ratio,  and  thrust  level  data  for 
control  and  engine  maintenance  recording. 
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Vehicle  Data  Processing  Functional  Element  - This  functional 
element  is  operative  during  all  phases.  It  processes  engine  status,  performance 
and  maintenance  trend  data  to  the  proper  format  required  for  transmission 
to  the  vehicle.  ' : 


Program  Interface  - As  shown  in  Figure  3.3.2.1-12  data  flow 
to  the  Controller  Functional  Program  comes  from  GNC  commands,  controller  elements 
and  engine  system  sensors  through  the  GNC/Engine  and  Controller/Engine  Interface. 

The  Controller  Program  produces  status  information  and  performance  data  which 
is  transmitted  to  the  GNC  through  the  GNC/Engine  Interface.  The  Controller 
Program  also  produces  control  command  signals  which  control  engine  functions  through 
the  Engine/Controller  Interface.  • 1 • — - - - ■■■'  •■■■ 

GNC/Engine  Data  Interface  - The  Controller  Program 

provides  for  accepting  and  responding  to  GNC  commands.  The  format  of  GNC  

commands  transmitted  via  the  GNC/Engine  Command  channels  to  the  controller  - - 

■ shall  be  as  defined  in  Table  .IV.  The  format  of  data  transmitted  from  the 
controller  via  the  GNC/Engine  Recorder  channels  every  data  transmission  cycle 
(every  40  ms)  shall  be  as  defined  in  Table  VI.  Data  transmitted  from  the  • 
controller  via  the  GNC/Engine  Command  channels  in  response  to  a Status  Request 

command  shal  1 be  as  defi  ned  i n Table  V.  , ! _ , ' 

* Controller  - Engine  Data  Interface  - The  Operational 
Program  provides  for  accenting  engine  sensor  data  and  producing  control 
signals.  See  Tables  IX,  I and  JI  for  sensor  ranges,  temperatures  limit  control 
range  and  engine  limit  control  shutdown  parameter.  ■ ?■ 

. • > ■ I ‘ ? • « » 

\ • ■ \ i • 

i 

i ‘ 

•-t — f 


1 - 
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.Performance  of  Controller  Software  ..  ' 

■ Executive  Functional  Element  - The  Executive  Functional 

Element  shall  control  Controller  Program  sequencing  and  perform  logical 
operations  so  that  the  following  operational  requirements  are  satisfied.  ’ . . ;■ 

Engine  Status  - Engine  status  information,  defined  in  : 

i . 

Table  V,  shall  be  computed  and  updated  every  major  executive  program  cycle 
(25/sec).  This  information  shall  be  available  for  transmission  to  GNC  upon.  .. 

receipt  of  a Status  Request  command.  This  required  status  information,  • ' ; 

supplemented  as  necessary  by  additional  status  information  computed  solely  for 
program  use,  shall  be  used  in  conjunction  with  logic  to  validate  (accept  or 
reject)  GNC  commands  and  establish  sequencing  and  interlocking  of  controller 

• functions . * _ ; ; 

GNC  Command  Processing  - The  Executive  Functional  Element 

l ; ‘ — “ r " 

shall  receive  commands  in  the  format  defined  by  Table  VII  from  all  operable 

* . ‘ » 

GNC/Enqine  Command  channels.  Any  single  command  channel  shall  be  disqualified 
from  GNC  command  processing  by  any  one  fo  the  following  commands  from  GNC: 
Command  Channel  1 Inhibit,  Command  Channel  2 Inhibit  or  Command  Channel  3 
Inhibit.  The  inhibit  to  any  command  channel  shall  be  removed  by  any  one  fo  the 
following  commands  from  GNC:  Command  Channel  1 Enable,  Command  Channel  2 

Enable  or  Command  Channel  3 Enable.  Command  words  from  GNC,  to  disquality  : 
and  restore  command  channels,  shall  be  via  the  remaining  operational  command 

channels.  - :t 

- GNC  commands  shall  be  of  two  types:  absolute  commands  and 

. , , • 

variable  commands.  The  variable  commands  are  Thrust  Level  and  Mixture  Ratio. 

All  other  commands  are  absolute  commands.  ■ ' - -- 


DATE 

3/23/73 

■ - THE  SINGER  COMPANY 

SIMULATION  PRODUCTS  DIVISION 

PAGE 

NO.  3-83 

REV. 

0 1 NGHA.MT CM  . NEW  YORK 

REP. 

NO. 

, GNC  Command  Validation  - Commands  from  the  GNC  shall  be 
validated  or  rejected  by  command  channel  voting  and  agreement  with  engine 
operating  phase.  ; . 

■ . Command  Channel  Voting  - Absolute  commands  shall  agree 

exactly  in  content  for  all  operable  command  channels.  Variable  commands  shall 
agree  within  ( T B D ) percent  of  each  other  if  all  three  command  channels  are  , 
operative,  and  (TBD)  percent  if  only  two  channels  are  operative.  For  operation 
with  three  good  channels,  two  out  of  three  agreement  constitute  a good  vote. 

For  two  good  channels,  both  channels  must  agree  in  order  to  constitute  a good 
vote.  Failure  to  obtain  a good  vote  shall  result  in  a Message  Reject  Code  to 

* • : j • i 

be  transmi tted  to  the  vehicle.  •; j ..... — . — 

A'  ; ' Command  Agreement  with  Phase  - After  a command  has  been 

validated  by  command  channel  voting,  the  command  shall  be  checked  for  agreement 
with  engine  phase  of  operation  in  accordance  with  Table  IV  and  the  requirements1 
(a)  through  (f)  below.”  If  a command  is  determined  to  be  invalid  due  to  ’ ]' 

' “ ' ‘ * * ' f . " "**  ' ' ” 

disagreement  wi th  engine  phase  or  mode  of  operation,  a Message  Reject  code 

: • ' , . ; i . • I 

•shall  be  transmitted  to  the  GNC.  rr---— . 

’ . * ;T  ; (a)  Checkout  Phase  - This  phase  of  operation  may  be 

, .... •. ‘ l’..  , ; ' . ....  . . * . . I . 

entered  upon  initial  power  on,  or  from  the  Start  Preparation  or  Post  Shutdown 

phases  subsequent  to  the  receipt  of  a Controller  Reset  Command.  There  shall 

_ \ ' ...........  ..  • > 

be  no  restrictions  on  switching  between  functional  modes  of  this  phase. 

’ . (b)  ‘ Start  Preparation  Phase  - This  phase  shall  be  ' 

entered  only  if  checkout  is  complete.  GNC  start  preparation  phase  commands 
received  during  this  phase  shall  not  be  implemented  if  they  are  not  in  normal  ' 
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Element".  The  Start  Preparation  phase  sequence  may  be  started  over  provided 

criteria  for  start  of  the  phase  are  still  satisifed.  - • - - 

(c)  Start  Phase  - This  phase  shall  be  entered  only 
if  Engine  Ready  status  conditions  are  satisifed  and  all  Start  Preparation  or 
Abort  Turnaround  procedures  have  been  completed.  GNC  Limit  Control  Inhibit 
commands  shall  be  ignored  until  ignition  has  been  confirmed. 

! (d)  Mainstage  Phase  - This  phase  is  entered  from  the 

Start  phase  without  a GMC  command.  . - - - , • ' 

(e)  Shutdown  Phase  - Once  initiated  it  shall  not  be 
possible  to  initiate  a new  phase  until  all  functions  of  this  phase  have  been 
completed.  Only  the  Post  Shutdown  phase  may  be  entered  after  the  Shutdown 

‘ » i , : • , i r 

Phase.  j ■ : - ; 

(f)  Post  Shutdown  Phase  - This  phase  shall  be  entered 

only  after  the  Shutdown  phase.  • • -!  - r — • 

' Implementation  of  Vehicle  Commands  - All  commands  from 

the  vehicle,  except  the  Status  Request  command,  shall  be  implemented  after  a 


THE  SINGER  COMPANY  PAGE  NO.  3-84 

SIMULATION  PRODUCTS  DIVISION  

BINGHAMTON.  NEW  YORK  REP.  NO. 


Command  Execute  command  has  been  received  and  validated.  A validated  command 
shall  not  be  implemented  if  a command  other  than  Command  Execute  is  subsequently 

I T ‘j  ‘ ; ~ . ~ ■ . • / 3 ; ;• 

received.  ! ; i *•  ' 1 . ' ' ; ' \ 


Command  Failure  Identification  - When  a Message  Reject 


code  is  the  result  of  GNC  command  processing,  then  the  failure  identification 
code  for  Invalid  GNC  command  shall  be  inserted  in  the  failure  identification 


- word  and  the  failed  parameter  word  shall  contain  the  rejected  command  code. 


<n 

u. 


When  a failure  which  can  be  isolated  to  an  individual 
command  channel  is  detected  by  command  channel  voting,  then  the  failure 
identification  code  for  one  of  the  GNC/Engine  Command  Channels  shall  be 
inserted  in  the  failure  identification  word.  The  test  number  word  shall 
contain  the  number  of  times  a fault  has  been  isolated  to  that  channel  and  the 
failed  parameter  word  shall  contain  the  command  as  received  on  that  channel. 

When  a failure  has  been  verified  for  three  successive  commands  from  the  GNC 
on  any  single  command  channel,  then  that  channel  shall  be  disqualified  from 
future  GNC  command  processing  until  a Command  Channel  Enable  command  is 
implemented  for  that  channel.  . 

■ Malfunctions  - The  Executive  Functional  Element  shall 
receive  and  respond  to  failure  status  indications  in  accordance  with  Table  XII. 

Cycle  Time  - The  Executive  Functional  Element  shall  complete 
a computational  cycle  at  least  every  40  milliseconds.  ; 

' ■ Response  to  Interrupts  - The  Executive  Functional  Element 
shall  include  the  capability  to  respond  to  program  interrupts  caused  by  but  . 

not  limited  to:  ■ - ..  ‘ 

r (a)  Controller  Failure  u ; . ", 

i (b)  Servovalve  Redundancy  Failure  _ ;•/ - 

(c)  Vehicle  Command  : ; ry,-:;  -.t 

"■  Controller  Self  Test  Functional  Element  This' functional 
element  shall  verify  the  status  of  all : control  1 er  components  except  components 
which  are  checked  as  part  of  the  sensor  input  tests  of  the  Sensor  Data 
Processing,  and  Checkout  Functional  Elements.  Self  test  shall  be  performed 
every  five  major  executive  program  cycles.  . All  malfunctions  will  be  monitored 
in  this  program.  • - ' . ” . , ' 

j ‘ __  • . 

• * * . . ' ■ . i , ; . ; ^ ‘ i , 
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Checkout  Functional  Element  - This,  functional  element  shall 
perform  Preflight  Calibration,  a simulated  start  and  shutdown  sequence  and 
other  operations  associated  with  the  Checkout  phase  of  engine  operation. 

Checkout  Conditions  - Upon  receipt  of  a Controller  Reset 

command  the  Operational  Program  shall  be  initialized  as  follows: ; 

(a)  The  Engine  Status  Word  shall  be  set  to  the  Standby  mode 

of  Checkout  and  to  indicate  Engine  OK.  . ...  •_  „• - ~ • - 

•r-  ' (b)  All  failure  indications  shall  be  reset  to  indicate  no 

failures.  • ! 

(c)  All  propellant  valves  shall  be  commanded  closed.  

--  - (d)  All  solenoid  and  torque  motor  coils  shall  be  de-  y 

energized.  ' • ' ! , ! ' : ' • ’ 

'...(e)  All  disqualified  component  channels  shall  be  restored 

• . • , . . - » j 

; * • 

. • . i . * 

to  normal  operation.  . 

(f)  All  I responses  as  defined  by  Table  XII  and  their 

, ' _ ! * . i 

overrides  shall  be  reset.  . ...  ..  . ..  • -1  _ — I-™:.... 

••••-  -L- - (g)  Checkout  Complete  and  Engine  Ready  Status  shall  be  ;~ 

negated.  : ■ : ; ' ' . ;l  ‘ : 

’ . , , I • 

1 / ; _ Verification  of  No  Propellant  Drop  and  Hydraulic  System 

Pressure,  and  Flowmeter  Spin  Limit  Control  shall  be  performed  every  major 
executive  program  cycle  during  the  Checkout  phase.  Executive,  Controller  Self- 
Test, .Sensor  Data  Processing  and  Vehicle  Data  Processing  operations  applicable 
to  the  Checkout  mode  shall  be  continuously  active  during  this  phase.  The 
actuator  fail-safe  coils  and  the  Emergency  Shutdown  Control  Valve  Coil  shall 
be  de-energized  during  Checkout,  except  where  energization  of  these  coils  are 


o 


CSV 


DATE  3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE  NO.  3-87 

REV. 

BINGHAMTON.  NEW  YORK 

REP.  NO. 

necessary  to  perform  checkout  requiring  hydraulic  actuation  of  the  propellant 

valves  or  to  checkout  the  Emergency  Shutdown  control  system.  

Start  Preparation  Functional  Element  - This  functional  element 
shall  control  system  purges  and  propellant  conditioning  during  preparation  for 
engine  start.  It  shall  also  verify  that  satisfactory  conditions  exist  for 
Start  prior  to  updating  of  the  Engine  Status  Word  to  Engine  Ready.  Propellant 
valves  shall  remain  closed,  igniters  shall  remain  off  and  the  measured  hydraulic 
pressure  shall  remain  within  tolerance.  • - •->  • -j  • - 

The  initiation  and  duration  of  each  purge  is  controlled  by  GNC 

l . ...  . . 

command.  A specified  set  of  operations  shall  be  performed  upon  the  receipt  _ 
of  each  purge  command  from  the  GNC.  Functions  performed  in  response  to  each 
GNC  command  are  defined  and  given  in  their  normal  sequence  in  the  following 

subparagraphs.  _ ' . 

Purge  Sequence  Mo.  1 (Oxidizer  System-Hioh  Pressure  Oxidizer 
■Turbo- Pump  (HPOT)  Turbine  Seal  and  Intermediate  Seal  Purges  - The  operations 
associated  with  this  sequence  are  initiated  after  validation  of  a Purge  Sequence 
No.  1 command  from  the  GNC.  Operations  of  this  sequence  are  defined  in  Table  XIII 
Part  A.  : ; '■  ■ ; ' j . ' ! ■ : 

, f » ; - i ; . 

: j I ’ Purge  Sequence  Mo.  2 (Fuel  System  Purge)  - GNC  commands  for 

initiation  of  this  sequence  shall  not  be  accepted  unless  the  operations  of 
sequence  No.  1 have  been  accomplished  and  at  least  4 minutes  have  elapsed 
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■ Purge  Sequence  Mo.  3 (Propellant  Recirculation)  - GNC  commands 

for  Initiation  of  this  sequence  shall  not  be  accepted  unless  the  ooerations  of 
Sequence  No.  2 have  been  accomplished  and  at  least  3 minutes  have  elapsed 
since  the  initiation  of  Sequence  No.  2.  After  receipt  and  validation  of  a 
Purge  Sequence  No.  3 command  from  the  GNC  the  operations  of.  Table  XIII  Part  C -• 
shall  be  performed.  | j i j J ; i j | i \ | ; ; j 

j ’ ' 1 ; ! : Purge  Sequence  No.  4 (Fuel  System  Purge  After  Propellant 

Drop)  - Commands  for  this  sequence  shall  not  be  accepted  until  27  minutes 
have  elapsed  from  the  initiation  of  Purge  Sequence  No.  3.  After  validation 
of  a Purge  Sequence  No.  4 command  from  the  GNC  the  operations  of  Table  XIII 

■ . i i j ; • 

• I « i . ' ; ! ' < 

Part  D shall  be  performed.  — ; — r~-~: — ;~-j — i — p-j — ; | — 7 — j y 

- _ .j. ....  — |--Enqj ne  Ready  Conditions  - An  Engine  Ready  status  signal 

shall  be  provided  to  the  GNC  at  the  completion  of  engine  conditioning  for 
start  if  conditions  are  correct.  The  following  conditions  must  exist  for  an 
Engine  Ready  status  signal  to  be  provided  to  the  GNC.  j j [ j ’ ; 

] j __ ; •_  ! : (a)  All  propellant  valves  must  be  closed.  : 

— . — L — -j- — j (b)  Hydraulic  system  pressure  must  be  within  the  same 


tolerance  band  as  required  during  checkout. 


J 


_i  • _ ' _ 1 1 (c)  Propellant  inlet  conditions  verified  per  'Table  XIV  as 

...  ^ r 1 • : • ■ : ■ ' j ! j : ; j 

correct  continuously  for  previous  three  minutes.  --r~ f •-*  [ > j—  -7 

'1  * ’ : | t f ' ] * | ; | 

r"j " t (d)  Controller  self  test  condition  satisfactory.  ■ r 

! 1 ! J__ ; (e)  Thrust  Level  and  Mixture  Ratio  commands  have  been 

' : : 1 i • . i ■ • 1 • ! | < 1 i ! j 1 

•received.  - — - g — . ...  •— — j~-  * — i — 1 — j • — — ; — • 

! _ • , . J_  : • • • 1 

T*  "• r-  There  are  no  I responses  as  defined  in  Table  XII  in 

effect.  . J i .' L_  . ! : [_ . L\i  . J. J ,_j. 1 — •.  ...  ... . 

i : ! i i ; • I 


i 1 i 


r I 1 
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i ! The  Engine  Ready  status  shall  be  negated  (Engine  Status 
Word  set  to  Purge  Sequence  Mo.  4)  if  system  conditions  cease  to  satisfy  Engine 
Ready  requirements  any  time  prior  to  Start  command. 

. Power  Range  Control  Functional  Element  - This  functional 
element  contains  the  sequential  and  performance  control  logic  necessary  for 
operation  of  the  Space  Shuttle  Main  Engine  during  the  Start,  Mainstape,  and 
Shutdown  Phases  of  operation.  J : _ J .-_i  . J 

I | i i i 

— ' - ' i— -Start  Seauencinq  - Start  Seauencinq  shall  be  initiated  uDon 

i I i 1 j ; 

receipt  and  validation  of  a Start  command  from  GNC.  Initiation  of  this 
sequence  coincides  with  the  beginning  of  the  Start  Phase  of  engine  operation. 
Operations  performed  as  part  of  the  start  sequence  are  defined  in  Table  XV. 

‘ '"j  r-j~T  Shutdown  Sequencing  - Shutdown  sequencing  shall  be  initiated 

upon  receipt  and  validation  of  a Shutdown  command  from  the  GNC  or  upon  controller 

: i . • 

derived  limit  shutdown  commands.  Program  logic  shall  provide  for  engine 
shutdown  from  any  power  level.  ' : | , j j ! | ; ' 

• I i [ i j Normal  Shutdown  - A shutdown  is  normal  if  initiated  by  a 
Shutdown  command  from  the  GNC  when  engine  thrust  is  between  Minimum  Power  Level 
(MPL)  and  Emergency  Power  Level  (EPL),  the  thrust  and  mixture  ratio  control 
loops  are  active,  and  no  engine  failure  conditions  exist  which  could  interfere 
with  the  sequence.  -The  sequence  for  such  a normal  shutdown  shall  be  as  


defined  in  Table  XVI,.  ’ , , j j : j j i ! J ' • ; J ! 1 

• J ■ ' Limit  Shutdown  - Limit  Shutdown  of  the  engine  shall  be 

• i 

-initiated  when  hydraulic  actuation  controls  are  functional  for  the  propellant 
valves  and  an'Engine  Limit  Exceeded  indication  via  the  Engine  Status  Word  is 
received  from  the  Limit  Monitoring  Functional  Element  as  described  in  "Limit 
Shutdown  Monitoring".  Specific  cases  where  Limit  Shutdown  conditions  exist 


) ! ! 

» i t 
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| j ! Pneumatic  Shutdown. shall  be  initiated  by  de-energizing  the 

fail-safe  coils  of  all  actuators  and  the  Emergency  Shutdown  Control  Valve  Coil. 
The  Engine  Status  Word  shall  be  changed  to  indicate  the  Fail-Safe  Pneumatic 
mode  of' the  Shutdown  phase  and  to  indicate  Component  Failed.  _ 

. . — i-  When  all  propellant  valves  reach  the  closed  position,  the 

i ' ; 1 i ] 

shutdown  sequence  then  continues  at  the  beginning  of  Part  C of  Table  XVI. 
i ; : | i • When  both  Limit  Shutdown  and  Pneumatic  Shutdown  conditions 

....  ^ f ’ | ~ ~ ' ' • 

exist  concurrently,  Pneumatic  Shutdown  shall  have  precedence.  The  Limit  Control 
Inhibit  command  shall  not  prevent  Pneumatic  Shutdown  of  the  engine. 

' i : | 1 i Performance  Control  Requirements'-  The  Power  Range  Control 

j i 

Functional  Element  shall  contain  the  control  logic  necessary  for  the  Space 
Shuttle  Main  Engine  system  to  satisfy  the  performance  control  criteria  set 

forth  in  RC1007.  __  ^ ; J.  - „= ...  . 

..  !-•  •;  TemDerature-  Limit  Control  - The  High  Pressure  Oxidizer 

i ! i : ! ! — 1 . : 

Turbopump  (HPOT)  and  High  Pressure  Fuel  Turbopump  (HPFT)  Turbine  Discharge 
Temperatures  shall  be  monitored  for  Temperature  Limit  Control  in  accordance 
with  RC1007  and  the  requirements  stated  herewith.  ? The  Temperature  Limit 
Control  shall  be  enabled  when  (a)  the  engine  is  in' the  Start  or  Mainstage 
phas&  of  operation,  (b)  the  Limit  Control  Enable  command  has  been  received 

: i i 

from  the  vehicle  and  is  in  effect  and  (c)  ignition  has  been  confirmed.  The 
•Engine  Status  Word  shall  be  changed  to  indicate  the  Thrust  Limiting  mode  when 

the  Temperature  Limit  Control  has  been  enabled  and  one  of  the  following 

• : j i ! i i j • ; : ‘ ; 

conditions  exists:  t -T—  - — ; — v t~  

I I . j .[  ; _■  ‘_j  I I 


■ i i l 

; I I i 


! i i 


~! ■ h~  r 
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; ! : . 4-  - -(a)’ 

i ! j > : 

Both  measurements  channels  of  a Temperature 

Limit 

control  sensor  indicate  operation  outside  the  limits  and  conditions  specified 
: in  Table  I.  ; * ] 7 '7  " , ' 1~ T . ' ’ • ’ • 

« i — . . « : . i ! | 

, i i • : 

(b)  Thrust  is  otherwise  being  limited  by  the  Temperature 

‘■  Limit  Control.  — ■ — j — • -4 — J. 

. : { : _ i j _ , f i » I ; ’ j 

.1 | ; ..J..If_both.  measurement  channels  of  a Temperature  Limit  Control 

sensor  have  passed  reasonableness  tests  but  failed  the  comparison  tests,  the 

•lower  indicated  temperature  shall  be  used  for  Temperature  Limit  Control.  The 

.! je_rT,Peratu.re  Control  shall  be  deactivated  upon  initiation  of  the  Shutdown 

-j  Phase,  or  when  the  Limit  Control  Inhibit  command  is  in  effect.  

l _ j : j , [ : : 1 ; 

r T j--j— r— ; -j  Chamber  Coolant  Valve  Position  Scheduling  - ' The  CCV  position 

j..sba.^  be.  s.c.!1?du^ed.  as__a.  function  engine  thrust  reference  when  the  thrust 

.reference  is  at  or  above  the  MPL  level.  Valve  actuator  position  shall  be 

j scheduled  linearly  with  thrust  reference  so  as  to  be  30  percent  open  at  MPL 

j and  fu11  °Pen  at  NPL:  JThe  CCV  shall  be  full  open  at  thrust  reference  levels  ! 

; above  MPL...  L J. — | — — i L_J ]_.J. [_..!•■  i Pi  I i '!  ! j . H 

i..  i : j.  ! j i i.  r ; J ! i i ! i i ■ ' T~' ■ F~_"7 "T  1 “h""; r-: 

! j ! i f~  I 't  Main  Oxidizer  Valve  Position  Scheduling  The  MOV  position 
l^baU.  .be,£^be7ulef*  as  ^ function  of  computed  engine  thrust  after  MPL  has  first 
been  attained  at  engine  start.  Valve  actuator  position  shall  be  scheduled 
[linearly  with  thrust  so  as  to  be  full  open  at  NPL  and  (TBD)  percent  open  at  MPL. 


The  MOV  shall  be  full  open  at  thrust  levels  above  NPL. 

« 1 

j . ! 

_J ’ J_  1 | j j ; j ( i ; [ , i | j | 

r r ; 

, i 

1 i 

j : 

~ * ■;  j : : j ; | • i ! j ! i i rr 
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■ j _!  Main  Fuel  Valve  Position  Scheduling  - The  MFV  position 
shall  be  scheduled  as  a function  of  computed  engine  thrust  after  NPL  has 
first  been  attained  at  engine  start.  Valve  actuator  position  shall  be  scheduled 
' linearly  with  thrust  so  as  to  be  full  open  at  NPL  and  62  percent  open  at  MPL. 

; The  MFV  shall  be  full  open  at  thrust  levels  above  NPL.  -~i 

i i . . . i 

; ' T r Post-Shutdown  Control  Functional  Element  - This  functional 

■ • ; i_  — — : ; 

1 element  contains  the  logic  for  engine  control  during  the  Post  Shutdown  phase 
of  engine  operation.  Executive,  Controller  Self-Test,  Sensor  Data  Processing 
, and  GNC  Data  Processing  Functional  Element  operations  applicable  to  Post 
Shutdown  shall  be  continuously  active  during  this  phase.  Requirement  for  each 
-of  the  three  modes  of  operation  are  defined  in  the  following  subparagraphs. 

| ‘ 5 . ; , j i 

T The  Emergency  Shutdown  Control  Valve  shall  remain  de-energized  during  all  modes 
of  Post  Shutdown  except  for  the  Abort  Turnaround  modes.  ; ! | : ! 

• , i ' i ' . ' r • • " ■ r 

— \ Standby  - The  Post  Shutdown  Functional  Element  shall  -i 

; ■ ! .!  : : . , : . . . J. 

automatically  begin  operation  in  this  mode.  This  mode  of  oepration  is  the 
normal  status  for  control  operation  at  the  completion  of  shutdown.  J..__  !. 


-r— j — j- — j-— | — j — j-  Propellant  Dump  - - .This  mode  of  Post  Shutdown  operation 
shall  be  initiated  upon  vehicle  command  if  the  preceding  shutdown  was  not  caused 
! by  a^failure  of  the  MFV  or  MOV  actuator.  The  sequence  is  always  initiated 
from  the  Standby  Mode  of  the  Post  Shutdown  Phase.  -Vehicle  commands  required 
for  this  mode  of  operation  and  the  sequence  in  which  they  are  normally  received 

....  ~ j ~ J ” • ; 1 

are:  Oxidizer  Dump,  Fuel  Dump,  and  Terminate  Propellant  Dump.  This  sequence 

may  be  modified  by  a Terminate  Propellant  Dump  command  used  to  terminate  an 


oxidizer  dump. 


. i ...  i 


j j j * • { ; | j ! : . 
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' • j.  • Oxidizer  is  always  dumped  before  fuel , only  one  main  valve  may 

i : | ‘ ■ « 

; be  open  at  any  time,  and  a fuel  dump  must  always  be  preceded  by  a 10  second 
’ fuel  system  purge.  The  sequence  and  timing  for  this  mode  is  defined  in 
Table  XVII.  Part  A of  the  sequence,  oxidizer  dumping,  is  initiated  by  receipt 
!- of  an  Oxidizer  Dump  command.  Part  B of  the  sequence,  fuel  dumping,  is 
initiated  by  a Fuel  Dump  command  which  also  terminated  Part  A of  the  sequence. 

| Part  C of  the  sequence,  propellant  dump  termination,  is  initiated  by  a Terminate 
~i  Propellant  Dump  command  which  shall  terminate  oxidizer  dump  or  duel  dump  at  any 

i j l i ! . ..  , • * 

point  in  "the  sequence.  T 7 i j [ j , j ..  .i  : . j 

, i I • ^ _ ....  _ 

• ; ! . !’  . Abort  Turnaround  - This  mode  of  Post  Shutdown  operation 

-T-  shall  control  system  purges  and  propellant  conditioning  during  preparation  for 
j engine  start  after  an  abort.  It  shall  be  initiated  upon  vehicle  command  if 
: the  preceding  shutdown  was  not  caused  by  an  engine  malfunction.  The  sequence 
-!-must  always  be  initiated  from  the  Standby  Mode  of  the  Post  Shutdown  Phase, 
f Vehicle  commands  required  for  this  mode  of  operation  and  the  sequence  in  which 
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i they  must  be  received  are  Abort  Turnaround  Sequence  No.  1 and  Abort  Turnaround 

'7  ' : , : ’ : , • ! : ! ! j : j i • , : i : 

Sequence  No.  2.  i — j— ■ -7 — !--•-} r-.-  ~ — , — : — "r •; _l"“’ , 

I j ■ ; ; j : * I i • ! ’ : ' ' '■  1 • ' 1 

T ! *""i ‘“j  "*  ] 1 ‘ ' f T “ Abort  Turnaround  Sequence  No.  1 (Initiation  of  Gaseous 

_ i_  j.  _ ; .4.  ; [ [ ..... 

1 Nitrogen  (GN2),  Fuel  System,  and  Intermediate  Seal  Purges)  - The  operations 

4 associated  with  this  sequence  are  intiated  after  validation  of  an  Abort  Turn- 

around  Sequence  No.  1 command  from  the  GNC.  The  sequence  continues  until 
! a new  valid  command  is  received  from  the  vehicle.  Operations  of  this  sequence 
■-are  defined  in  Table  XVIII,  Part  A.  • • •; — — i — j--  -!  ■ , 


\ *""•*  * ’ i 

' « ; . s 

; 1 „ l 
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! I ' | . Abort  Turnaround  Sequence  No.  2 (Propellant  Recirculation) 

.Vehicle  commands  for  initiation  of  this  seauence  shall  hot  be  accepted  unless 
the  operations  of  Sequence  No.  1 have  been  accomplished  and  at  least  2 minutes 
! have  elapsed  since  initiation  of  Sequence  No.  1.  After  receipt  and  validation 

i.  of,  an  Abort  Turnaround  Sequence  No.  2 Command  from  the  vehicle,  the  operations 

of  Table  XVIII,  Part  B shall  be  performed.  * ; j j"'  j J ; j f • ' j .""i 

! j . ! ! Limit  Monitoring  Functional  Element  - This  functional  element 

| shall  check  engine  limit  shutdown  parameters  and  actuator  position  errors  for 

i : I • . ; , ; 1 • 

"f— the i r values  relative  to  specified  limits  which  are  a function  of  the  operating 

i | information  shall  be  updated  and  either  switching  to  continued  operation  on 
i. a. redundant  channel,  or  engine  shutdown  intiated  in  accordance  with  "Malfunction 

; I j . ; s , i ■ * . . ' { t 4 » i i i J j • ! ! 1 

! } • ! 1 j ; ' * _ 1 _ ! _ I = „ I _ 1 5 l . . : 

“ *-“}~Response".  ; ~--j~~p-  p-j- -----  j--  -i-  -j-  q p "T  ‘ 1 — j" /,  . ; | 

i , . ! ! 


i I r 


I ' 1 

i i 


• . I I • . 1 | i I ! I ' ' - ' 

| 1 , ; ' 1 i ! ; ! 1 ; J_  . ■_*; 

| Actuator  Position  Error  Monitoring  - This  function  shall 


be  performed  during  all  phases  of  engine  operation.  The  computer  produced 
j I : : ? : 

“T  position  reference  signal  for  each  actuator  channel  shall  be  compared  with  its 

I corresponding  actuator  channel  position  indication  to  obtain  an  indicated 

Lposi tion  error.  If  excessive  position  error  is  confirmed  with  three  successive 

■ ( i j ; ; ! : ; ' 1 ' ' ! ’ ! 

• L f samples , the  controller  shall  respond  in  accordance  with  the  corrective  action 

j specified  for  servovalve  channel  failure.  If  the  servo  positioned  actuator 

_Lhas  been  commanded  and  reached  full  open  or  closed,  then  a position  error 

j * t : * ' * 1 . j ! 1 I.  j.  .....  • . 

i greater  than  2 percent  on  both  channels  shall  cause  swtiching.  : ‘ ; i 

| i ; ; | | : Limit  Shutdown  Monitoring  - Engine  parameters  shall  be 

. monitored  to  determine  conditions  for  Limit  Shutdown  in  accordance  with  RC1007 
and  the  following  subparagraphs.  For  conditions  which  cause  Pneumatic  Shutdown 
1 refer  to  "Emergency  Pneumatic  Shutdown".  tJ i __|  | | _ 
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• _ [ i ; | Start  Transient  Parameter  Monitoring  - The  Main 

Combustion  Chamber  Pressure  shall  be  monitored  during  Start,  after  ignition  has 
been  confirmed,  to  verify  that  the  pressure  remains  within  the  specified  limits 
as  a function  of  time.  Three  successive  out  of  limit  pressure  indications 

i 

shall  cause  Engine  Limit  Exceeded  to  be  indicated  by  the  Engine  Status  Word, 


the  failure  identification  word  to  be  set  to  121  and  Limit  Shutdown  initiated 


in  accordance  with  "Limit  Shutdown". 


-! — • - Limit  Shutdown  Parameter  Monitoring  - Engine  limit 
Exceeded  shall  be  indicated  by  the  Engine  Status  Word  and  Limit  Shutdown 


initiated  in  accordance  with  "Limit  Shutdown"  if  either  of  the  following 


conditions  have  been  verified  three  successive  times  for  each  measurement 

["channel.  ’ ~'."T  P’7  [ i.  : i i | | j | | i i ; : | ! j , . ; 

J _j  _!  i j ; (a)  When  all  measurement  channels,  which  have  passed 

~r  sensor  reasonableness  tests,  for  an  engine  limit  parameter  indicate  operation 

I • , 

: outside  the  engine  limits  and  conditions  imposed  by  Table  II,  the  failure 
. identification  word  shall  be  set  to  indicate  one-  of  the  "out  of  limits" 

' ' ; ' t l , ; I I I I . I i ; 

j ...  . , ' i t 1 ! ; ; I j i I . __  , . . i ! 

- I failure  modes. ! — ! — t — • — h — j — ; — - — -j — j — 4 — j — -t-’-t — i 1 — h -■ 

j j t j , • • i ' : 1 ! J • ! : 1 * * ! ! i ; * • 

"*1  — . , | p—f  j (b)  "'When  both  measurement  "channels  of  a dual  redundant 

, sensor,  used  for  Engine  Limit  Shutdown  Control  fail  to  pass  reasonableness 

• J * ■ ' * ' 

t • ‘ ! 

■tests,  the  failure  identification  word  shall  be  set  to  indicate  that  one  of  the 

I J • ; . ; • _ ’ _JL_-  .! L : : i j I ..  v.., : L : j.  . ...  ! 

; sensor  channels  has  failed.  j ; j ; j I ! ' : ; j | : ' 

; J i | I Sensor  Data  Processing  Functional  Element  - This  functional 

element  contains  the  logic  for  sensor  data  scaling,  tests,  and  performance 
parameter  calcualtions.  “ ’ ; ■ ’ | ' ! i j j . i 


1 • ; 
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Types  of  Sensor  Data  Processing  - Sensor  data  processing 


shall  depend  upon  the  application  of  the  measured  data. 

; - r ‘ Data  Scaling  - Raw  data  from  all  sensors  shall  be  scaled 

to  accommodate  sensor  calibration  curve  characteristics  and  obtain  measured 
parameter  values  for  use  in  controller  calcualtions  and  maintenance  recording. 

i 

The  coef f i ci ents  of  these  equations  shall  be  data  constants  in  the  program 
which  can  be  changed  when  sensors  are  replaced  in  the  engine  system.  Raw 
data  from  non-redundant  sensors  shall  not  be  scaled. 

r ---Sensor  Data  Reasonableness  Tests  - After  data  scaling, 

£ 

reasonableness  tests  shall  be  performed  on  data  from  specified  sensors.  Data 
from  sensors  failing  this  test  shall  not  be  used  in  controller  performance 
calcualtions.  If  a measurement  fails  the  reasonableness  test  three  successive 
times  it  shall  be  continuously  rejected  until  a Controller  Reset  command  is 

' v ' ■ ‘ '■  ' T ' ' i i '*j  ; , 1 : , 

. received  and  implemented.  ► - 4-  -i — ; — | — n - - j- — — j — * — l ' 


| • j , . i « 

j i -•  | - — i—  comparison  Tests  - Comparison  tests  shall  be  performed 

! ’ r 

on  specified  dual  and  triple  redundant  measurements.  If  one  measurement 
channel  of  a triple  redundant  sensor  fails  the  comparison  tests  three 

successive  times,  that  channel  shall  be  continuously  rejected  until  a 

; __  [ 

Controller  Reset  command  is  received  and  implemented.  1 ; I J i ; 

_ I . _4  GNC  Data  Processing  Functional  Element  - This  functional 

l “ 

i i ; 

element  shall  process  engine  status,  performance  and  maintenance  trend  data 
to  the  proper  format  required  for  transmission  to  the  GNC/Engine  Interface. 
Data  and  command  word  format  are  defined  in  Table. VII.  — 4—  - ; — 1 - - 1 

At  ' \ ' ‘ 

: Data  Base  - Parameter  measurements , sensor  ranges,  units  of 

measure  which  shall  be  accommodated  by  the  Controller  Program  are  defined 

■ ' ' j : ' ! j ' ! 

in  RC1007  and  Tables  IX,  I,  and  VI.  : — , — i-  -f -h -f  -f- f- 
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3. 3. 2. 2 Reactio 

n Control  Subsystem 

• --  - The  Reaction  Control  Subsystem  can  be  simulated  by  dividing  the  system  into 

four  basic  areas  of  equations.  Figure  3.3. 2.2  shows  the. four  equation  groups  and 
the  general  interface  requirements.  Because  of  the  fast  response  rate  of 

the  real  world  system,  the  simulation  is  approached  for  thrust  from  the  equivalent 
engineering  parameter  of  total  impulse.  The  helium  pressurization  equations  are 
to  be  a combination  of  exact  engineering  relationships  and  functional  representation. 

- — -i The  helium  pressurization  equations  will  use  the  EPS  power  available 

booleans  and  the  crew  station  switch  and  circuit  breaker  state  to  derive  the 

valve  state.  Primary  helium  storage  tank  pressure  and  mass  is  calculated  from 

• {i 

---  helium  usage.  Helium  usage  is  based  on  RCS  fuel  remaining  in  the  tank.  

Helium  pressure  on  the  bladder  hydrazine  tank  is  calculated  as  dependent  on  the 

; helium  regulation  supply.  !...  ..  . 

f—  — — The  hydrazine  fuel  equations  provide  the  calculations  for  the  fuel 

I i : 

| remaining  in  the  tank.  Fuel  usage  will  be  calculated  by  the  thrust  equations. 

A fuel  available  and  pressurized  boolean  will  J>e  generated  for  the  thrust 

' • 1 • • * \ ‘ i 

T ! ' The  thrust  and  force  equations  will  calculate  the  total  impulse  of  the 

RCS  jets  as  they  fire.  An  interface  program  with,  the  6,  N and  C computer  will  pro- 
vide \he  thrust  equations  with  booleans  for  firing  the  jets  and  a length  of  time 

i i 

" M 

fired  parameter.  These  conditions,  along  with  electrical  power  for  the  catalytic 
heater  through  switches  and  circuit  breakers,  will  be  used  to  computer  the  total 
, -impulse  of  each  jet  since  the  last  computer  cycle  through  this  program.  The 

electrical  load  for  the  catalytic  heater  will  be  calculated  for  the  EPS  program 

- . • ‘ -*  - * • • - * 

and  the  total  impulse  will  be  generated  for  the  EOM  program.  The  computed 
impulse  will  take  into  account  the  loss  of  efficiency  as  the  result  of 
atmospheric  pressure.  5 j . 
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The  instrumentation  and  signal  conditioning  equations  will  accept 
parameters  simulating  the  actual  system  state  and  condition  these  parameters 
using  sensor  and  display  logic  booleans  from  the  Electrical  Power  Subsystem 
for  crew  station  display,  for  input  to  the  Caution  and  Warning  Subsystem,  or 
for  input  to  the  Telemetry  Subsystem  Multiplexer  Program.  The  equations  will 
repeated  for  each  reaction  control  system  unit,  either  by  programmed 
loops  or  by  repetitive  equations,  whichever  requires  the  least  amount  of 
computer  time  and  core.  Required  malfunctions  for  the  RCS  simulation 
are  to.be  designed  into  the  simulation  for  minimum  computer  impact,  
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where:  V, 


tF  1,  . 


= Volume  of  Helium^..  ■ 

= Volume  of  fuel  tank  , ' ; ; 

= Volume  of  fuel  * r-  - 

= Mass  of  helium  ’ ’ ’ " P 

= Pressure  of  helium  ■ : 

= Temperature  of  helium  / : * ; 

= Universal  gas  constant  - - - f • r * 7 

= Mass  of  helium  in  high  pressure  tank 
= Original  mass  of  helium  in  high  pressure  tank 
= Pressure  of  helium  in  high  pressure  tank 
= Temperature  of  helium  in  high  pressure  tank 
= Volume  of  helium  in  high  pressure  tank 
= Quantity  of  fuel  ” ! ; 

= Quantity  of  fuel  consumed  

= - Impulse  force  of  engine  

= * Firing  duration  per  iteration 

= Temperature  of  reaction  plate  


'* : * h 


• i » I 

* * l 1 1 


0 
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3. 3.2. 3 Orbital  Maneuvering  Subsystem 

jhe  simulation  of  the  Orbital  Maneuvering  Subsystem  may  be  approached  by 

a„  combination  of  logical  equations,  functional  representative  equations,  and 
explicit  engineering  equations.  Crew  displays  are  provided  for  fuel,  oxidizer, 
helium,  and  engine  chamber  pressure,  and  for  oxidizer  and  fuel  quantity.  ^ 

, • ■ ■ i ' t 1 » 

Refer  to  Figure  3. 3. 2. 3.  . ! ' — 1 

The  helium  pressurization  equations  will  use  the  EPS  power  available 
bool  cans  and  the  crew  station  switch  and  circuit  breaker  state  to  derive  the 
valve  state  of  the  helium  system.  Primary  helium  storage  tank  pressure  and 
mass  is  calculated  from  helium  usage.  Helium  usage  is  based  on  the  amount  of 
propellants  left  in  the  oxidizer  and  fuel  tanks.  Helium  pressure  on  the  fuel 
and  oxidizer  is  calculated  as  dependent  on  the  helium  regulation  supply.  ... 

- ; f-The  fuel  supply  equations  provide  the  calculations  for  the  fuel 

quantity  remaining  in  the  tank.  Fuel  usage  will  be  calculated  by  the  thrust ^ 

equations.  A fuel  available  and  pressurized,  boolean  will  be  generated  for 

”i  'i  i !■!;;■  i i : i l.i  : L I 

-the  thrust  equations;"  - : ,j“  ■ !•  j ; !'  j 1 !)!!!! 

I • j : , ! _ ' ■ ' ! ; j . J I...  : J ' - L 

T t tfhe l OxTdTzer  supply  equations  perform  the  same  basic  function  as  the 

fuel  equations  - calculation  of  oxidizer  quantity,  oxidizer  available  and. 
“pressurized.  1 Oxidizer  usage  will  be  calculated  by  the  thrust  equations. 

Tf he  thrust  calculations  are  to  compute  the  impulse  of  the  engines 
during  the  time  period  from  the  last  iteration,  to  the  present  iteration.  This_ 
particular  method  will  allow  simulation  of  the  correct  impulse  during  both 
start-up  and  engine  shut-down  transients,  the  impulse  from  the  engine  will 
reflect  the  fuel  and  oxidizer  pressure  and  the  mixture  ratio,  corrected  by  . 

, , ; * . . s ; 

“atmospheric  pressure.  ■ ; ' . !'  J 
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Chamber  pressure  will  be  calculated  for  display  purposes  from  the 
computed  impulse  force. 

The  instrumentation  and  signal  conditioning  equations  will  accept 
parameters  simulating  the  actual  system  state  and  condition  these  parameters 
using  sensor  and  display  logic  booleans  from  the  Electrical  Power  Subsystem  for 
crew  station  display,  for  input  to  the  Caution  and  Warning  Subsystem,  or  for 
-input  to  the  Telemetry  Subsystem  Multiplexer  Program.  The  equations  wi/ll  be 
repeated  for  each  Orbital  Maneuvering  system  unit,  either  by  programmed  loops 
or  by  repetitive  equations,  whichever  requires  the  least  amount  of  computer  time 


- and  core.  Required  malfunctions  for  the  OMS  simulation  are  to  be  designed  into 
the  simulation  for  minimum  computer  impact.  , ] 
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3. 3. 2. 4 Air  Breathing  Engine  System  

* * ■ 

The  Air  Breathing  Engines  of  the  shuttle  vehicle  are  to  be  simulated 
using  a closed-loop  dynamic  functional  math  model.  The  fundamental  overview 
of  the  engine  shows  fuel  management,  crew  displays,  throttle  control,  and  thrust 
as  the  primary  system  functions.  ' 

The  throttle  is  the  primary  input  to  the  fuel  control  system.  In 
addition  the  fuel  flow  responds  to  the  high  pressure  compressor  rotor  speed 
and  discharge  pressure,  the  low  pressure  compressor  inlet  air  temperature  and 
pressure,  and  the  internal  burner  pressure. 

■ The  engine  inlet  air  temperature  is  a function  of  the  ambient  air  tempera- 
ture and  the  ram  air  effects  from  aircraft  speed.  The  inlet  pressure  is  also 
dependent  on  ambient  air  pressures  and  the  ram  air  effects. 

The  airflow „of... the. .compressors  is  a function  of  the  inlet  conditions  as 

well  as  the  rotor  speed  and  ducting  losses.  \ ' j~ r 

The  burner  outlet  pressure  and  temperature  are  functions  of  the  high 

pressure  compressor  outlet  pressure,  fuel  flow,  airflow  through  the  compressor, 
and  air  bleed  losses.  The  turbine  rotor  speed  is  a function  of  burner  outlet 
pressure,  engine  intake  pressure,  and  power  losses  internal  to  the  engine. 

The  thrust  force  is  the  reaction  to  eject  the  exhaust  gas.  The  exit 

; « 

velocity  is  dependent  on  theburner  outlet  conditions,  rate  of  mass  flow  through 
the  burner,  and  the  turbine  rotor  speed.  ; j j j j 1 

r A generalized  diagram  of  the  functional  relationships  of  the.engine  system 

is  shown  in  Figure  3. 3. 2.4.  • t— • . • — -r  •=■  — ; — - ■ • 

. Ground  start,  ramjiir  start,  and  rundown  are  to  be  simulated  using  per- 
formance data  from  tests.  Malfunctions  (or  instructor  control  features)  will 
be  provided  to  simulate  hot  started  slow  start.  Y"7'V'T  

l ! • ! i i ; * I r ; ; • r : O'  ; : ! i 


.1  ....  i...  » I 


- | . FIGURE  3. 3. 2. 4 

•AIR  BREATHING  ENGINE  SYSTEM  ‘ 
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Instrumentation  and  signal  conditioning  will  be  accomplished  to  the 
simulated  parameters  prior  to  display  to  the  crew  members.  The  parameters 
will  be  conditioned  using  sensor  and  display  booleans  from  the  Electrical 
Power  Subsystem  for  crew  station  display,  input  to  the  Caution- and  Warning  Subsystem, 

and  input  to  the  Telemetry  Subsystem  Multiplexer  System.  

The  equations  of  the  Air  Breathing  Engine  Subsystem  will  be  repeated  for 
each  engine,  tank,  and  throttle  system  either  by  programmed  loops  or  by  repeti- 
tive equations.  Required  malfunctions  of  the  system  will  be  designed  into  the 

simulation  model  for  minimum  computer  impact.  ' t ' ""  ' ■ 

The  inlet  atmospheric  conditions  and  ram  air  effects  are  to  be  simulated 

by  the  following  general  equations:  1 — _ T. - 

,i  Ideal  ram  pressure:  " f " 1 : j ’"“j  T~ rp 

P-r-n  = f(Pn..n  ! ' 


_T 4___  ?T2,  ,f*PAMB,  "ACH) 


“rNR  = f <Mach,AOfl) 

| 2)  Compressor  face  pressure 
'• — h PT2  = f(NR,PT21)  = 


j 3)  Pressure  correction  factor 

t"  i ” r •'  • ; - — ; - 

4 - 6T«  = K • P-ro  — -i 4— - 

« i 2 TZ  i i 

i 4)  Temperature  correction  factor 


f 0T2  TT2/TSL 


-! i_L 


! The  speed/fuel  control  effects  are  given  by: 

5)  Control  reference  speed  

*’ NCR  = 5THR,PT2,TT2,Mach^ 

6)  Acceleration  Schedule  1 

j • - j • , * ■*  ■ • ; 

■j  — r Wf/PbACC  = f(N2,TT2,  6THR)  * -j- — j- - y 


V ! 


I i ! 

! I : 


t i » i » 
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7)  Fuel  Metering 

..7.  lVPb  = KGD  ^NCR'N2^  . , 

8)  Metered  fuel  flow 

,Wfm  = ^Wf/Pb*PBXV  6WFESC 
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- : ” Wfm  “ ^Wf/Pb*PBX*  6FESC  “ \ : 

.. 9)  Engine  function  ; 

T”"  ' "‘*T  KT  = f^N2,Pb,TT2^Wfm"Wfss^  7 I T™  •" ~r~" ” : 

10)  Electronic  Control  : ] i ! : i ' , 1 

- -:4-r  w ’ f(FT,T  ‘ FT1T>  ; : r[ pr-r-r-r 

"I”' ■■  ! I <V1GV  = FAN  ■ f'N!'  "*  :T  : rr 

■11)  Rotor  Acceleration  ’;!;*!  i • ! 

Lii2  - f[(wfm-wfss),KT;u 

.12)  Rotor  Speed  * — i f f [ J t f f ; 

1 ~ T"N2  = /*N2dt  " ^ :~ri  j""|  [ j - -i  — -y  - r~T~ — | 

4 ; :~The  oil  pressure  of  the  engine  is  a function  of  the  rotor  speed  and 

temperature.  ’ j j [ j ! ; : 1 ! i ; ; | ; 

; .13)  Oil  Pressure  .. . J ’ j. — I — i_ !_1. — 1 — I — ; — i L 1 


! ! 


J j 

; ; . : i ! : 

1 1 

! 

: 1 ‘ i 

' ' \ ! ! 

r 1 
( 

* , •*  1 

! 1 . . , 

• 

1 

• i 

»■»!;] 

■ J 

--7—  °-p*  = f(N2’TT2)  ’ -V—l—i  -7“  *- 1—;-  — | — | — j — ; — - - - - 

The  fuel  management  will  be  calculated  from  fuel  usage.  _ J 

. 1 4 ) Fuel  Quantity  t j j J. 1 . 4 i J 1 ; l J L 

■ ' ! ! 1 - i ; 1 i i ' i 1 

”1 ~j~  Wf=Wf~Wfm  '*  '“f  j~_i~  I” " : "T7  '• 

..iJThe  engine  parameters  are  calculated  by  the  following  general  equations 
'“’15)  Engine  pressure  ratio  r . : 

*■  "EPR‘='f(N2  MACH,  6BL)<:  6v1gv)  r - : ; • r- T '• 

* ■ 1 i : I • j ; ' ; ! 

16)  Engine  Burner  Pressure  ..  . ; ; 4 , ,1 — * L ; ...1 


! * f 


PK=  f (EPR,Mach , 6, 
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17)  Low 

Pressure  Rotor  Speed 

■ ",  = 

f (EPR ,MACH , 6 BL  /0^>) 

• 

18)  Fan 

Turbine  inlet  temperature 

FT  IT 

= f (EPR ,MACH  6bl) 

_ 

19)  Steady  State  fuel  flow  - 

wfss 

= f ( EPR , MACH,  6bl  6T2  vCf"2) 

...... 

20)  Bleed  Air 

. . ' . _ 

sbl 

s f<Vc,  W'  ; 

. . 



The  thrust  force  is  then  calculated  by: 

21)  Nozzle  Pressure  ; 

■ r * r • * * *”  0 

. — ■ ■ 

- 

PN0Z 

* %.,pamb> 

, 

....  .... 

• ’22)  Net  Propulsive  Thrust  , ■ 

• -N=f^N0Z,lW  : - 

* 

Following  these  looped  equations  for  the  four  engines,  the  parameters 

would  then  be  conditioned  for  transfer  to  displays  or  other 

software  programs 

such  as  Caution 

and  Warning  or  Telemetry.  ; 

, 

; 

- i ; 
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I | J ‘ s 

~’i  ; 
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; i J ; * i ’ 

j 

, ; i t 
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■ i . j • 

. ' ; ’ . T j ! 

» j-  1 • : ! * » i i i ; 

_ i r*~  . , 1 
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!-  ■ T 

: MACH 


PT2I ... 


.LVph 

i r ^ 

6vigv 


1 < 

i i 

« 1 

j 

; j 

"T  i 

i i 

;;  i 

r * 

[ * 

I i 

; i t 

! ! 

r j 

i - 

i ! 

i j 

i 

! 1 

| . ! 

1 I : ! 

Aircraft  angle  of  attack  ...... 

Engine  pressure  ratio  ~ ' ‘ 

Engine  thrust 

Fan  turbine  inlet  temperature 
Burner  cutback  constant 
Engine  time  constant  coefficient 
Mach  number  -_.j j L..:, — 

' ' I . 

Control  reference  speed 
High-pressure  rotor  acceleration 

High-pressure  rotor  speed  

Engine  oil  pressure  •;  1 

'Ambient  pressure  1 • ; i ; ] 

Engine  burner  pressure  __  ...  j — j 

Control  reference  burner  pressure 
Convergent  nozzle  total  pressure 
.Compressor  face  total  pressure  ...  

; ■ \ * t ; 

ideal  compressor  face  total  pressure 

Sea  level  ambient  temperature  

Compressor  face  total  temperature 
Gas  generator  metered  fuel  flow 
Gas  generator  steady  state  fuel  flow 
Total  fuel  flow  ' — - T — - 

! . j 

Fuel  flow  metering  parameter 

. • • ' — - 

Variable -compressor  geometry  effect.. 

1 ; ! 1 , . ® i j 

_ - - 1 - p-  - r • i r ' T"1  I 

i i : I 
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6a/c 

- l..f 

Air-conditioning  and  utility  bleed 

load 

6a/i 

Anti-ice  bleed  load 

• % 

- Total  bleed  load  increment 

" . 

^THR 

Throttle  angle 

6 

T2  _ Total  compressor  inlet  pressure  ratio 


1 6T2  ' • -r-  Total  compressor  inlet  temperature  ratio 
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3 . 3 . 2 . 5 Solid  Rocket  Motor  Subsystem 
■ - The  Solid  Rocket  Motor  System  could  be  simulated  by  developing  engineering 

relationships  between  thrust,  chamber  pressure,  mass  flow  rates,  etc.;  however, 
the  program,  must  be  run  at  a high  iteration  rate.  Using  engineering  relationship 
equations  would  cause  excessive  computational  time  requirements.  In  addition, 
the  approach  would  not  yield  as  accurate  results  as  use  of  non-real  time  simulated 
performance  data.  The. crew  has  few  switches,  circuit  breakers,  and  displays 
relating  to  the  engine  performance  which  also  adds  to  the  acceptability  of  use  of 
the  performance  data  tables.  : 

The  data  that  must  be  matched  most  closely  is  the  reference  trajectory 

"t  “ 7 t 

data.  The  method  requiring  the  least  amount  of  computer  time  with  a high  accuracy 
is  a table  look-up  and  interpolation  between  points  of  the  table  for  intermediate 

time  values.  _ . ..> • 

| < The  suggested  table  will  be  composed  of  thrust,  mass,  mass  position,  and 

moment  of  inertia  data  stored  at  fixed  time  intervals.  The  time  related  parameters 
will  be  based  on  time  from  SRM  ignition. 4.  __j_ . ...  

— , . — ...  The  thrust  and  mass  interpolation  equations  block  shown  in  Figure  3.3. 2. 5 

i ' : ' 

will  perform  the  table  look-up  of  interpolation  constants  approximately  once  every 

second.  In  between  table  values,  the  program  equations  will  compute  interim 
* 

parameter  values.  The  computer  parameters  will  be  modified  for  off-nominal  per- 
. formance  of  the  two  SRM  engines. using  instructor  entered  modifiers.  .These! 

;.  modifiers  will  allow  the  simulation  to  depict  grain  checking,  sloughing,  and 
contamination  resulting  in  slow  burning  of  propellants.  The  equations  will 
generate  parameters  to  stimulate  audio  cue  devices  for  the  engine  sound/vibration. 
Thrust  termination  will  generate  audio.cues  for  explosive  devices  and  visual  cues 
for  the  thrust  termination  ports.  Thrust  and  mass  parameters  w’ill  be  simulated 
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by  curve  fit  equation.  The  equation  will  be  modified  by  time  since  rocket 
ignition.  ’ . ' ‘ ' 

.The  calculation  of  thrust,  mass,  moment  of  inertia,  and  c.g.  location 
will  be  accomplished  by  table  lookup  as  a function  of  a modifiable  time  base,  t. 
The  instructor  will  be  able  to  increase  or  decrease  the  burn  time  of  the  engine 
by  modifying  the  T base.  : 

' T = f(t,  I ) i-r-  ■ - L 

: and  Tp=  f (t)  ' . * 4 4 ; • • 

m = f (?)  J i 7 * " "F  ■ : 

- I = f ( T ) 

X = f (?)  ' 

y = f(?)  . 

where  ? = relative  time  position  of  table  data 


! i 


f-—  I . 


-U-  . .4 , 


t = time  since  ignition 


.1  = instructor  modifier 

I 1 c 

,l~~T  Tp=  Thrust  Force 


-i 


T 

i 

-4-  - 

i 

i 

r* 

i 

- i 


, _ ■ 1 M = Mass  of  rocket  engine  ” , 

— LL.L.  I = Moment  of  inertia  of  rocket  enqine 

: I I : 

i < ! f i j 

; r~'T~  r X = X body  position  of  c.g.  - • — r~ 

, I I . i . 

J_J  Y = Y body  position  of  c.g.  7 y- 

— 1 Tlie  simulation  of  the  sequential  logic  and  mechanical  ^ functions  for 

: separation  will  be  accomplished  by  logic  equations.  These  equations  will  take 
into  account  explosive  device  armament  by  the  crew  and  separation  cues  either 
by  switch  command  or  On-Board  Computer  inputs.  I i , j ! 

The  explosive  device  equations  will  provide  an  audio  cue,  a cue  to  EOM 
indicating  physical  separation,  and  a cue  to  the  separation  SRM  engines  to  ignite. 
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The  separation  SRM  equations  will  provide  the  thrust  forces  of  the  small  rockets 
to  the  EOM  program  for  the  new  "target"  vehicles.  Once  the  separation  SRM  has 
burned  out,  this  program  is  no  longer  computed. 

" ' The  instrumentation  and  signal  conditioning  equations  accept  parameters 
simulating  the  actual  system  state  and  condition  these  parameters  using  sensor  and 
display  logic  booleans  from  the  Electrical  Power  Subsystem  for  crew  station  display, 
for  input  to  the  Caution  and  Warning  Subsystem,  or  for  input  to  the  Telemetry 
Subsystem  Multiplexer  Program.  The  equations  will  be  repeated  for  each  Solid 
Rocket  Motor  unit,  either  by  programmed  loops  or  by  repetitive  equations,  whichever 
requires  the  least  amount  of  computer  time  and  core.  -Required  malfunctions  for 
the  SRM  simulation  are  to  be  designed  into  the  simulation  for  minimum  computer 
impact.  T " , ' -------  -•  *;-• 
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3.3.3  Vehicle  Configuration  System 


3. 3.3.1  External  Tank  Subsystem  

The  simulation  of  the  sequential  logic  and  mechanical  functions  for 
External  Tank  System  separation  will  be  accomplished  by  logic  equations. 

These  equations  will  take  into  account  explosive  device  armament  by  the  crew 
and  separation  cues  either  by  switch  command  or  On-Board  Computer  inputs. 

The  explosive  device  equations  will  provide  an  audio  cue,  a cue  to 
" EOM  indicating  physical  separation,  and  a cue  to  the  retro  SRM  engines  to 
ignite.  The  retro  rocket  ignition  cue  will  be  based  on  the  simulated  external 
,.\.tank  avionics  state  and  separation  attitude  and  distance  data  calculated  from 
EOM  attitude  and  position  data.  The  separation  SRM  equations  will  provide  the 
thrust  force  of  the  small  rocket  to  the  EOM  program  for  the  new  "target" 
•vehicle.  Once  the  separation  SRM  has  burned  out,  this  program  is  no  longer 
computed.  r > 

The  instrumentation  and  signal  conditioning  equations  accept  parameters 

simulating  the  actual  system  state  and  condition  these  parameters  using. 

'! sensor  and  display  logic  booleans  from  the  Electrical  Power  Subsystem  for  crew 

station  display,  for  input  to  the  Caution  and  Warning  Subsystem,  or  for  input 

-to  the  Telemetry  Subsystem  Multiplexer  Program.  Required  malfunctions  for  the. 

simulation  are  to  be  designed  into  the  simulation  for  minimum  computer  impact. 

; ^ | ■ | _ |^'  ■ ^ j x j ^ • . _ 
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3.3. 3.2  Landing 

Gear  Subsystem  - 

{ •* 

The  simulation  of  the  Landing  Gear  Subsystem  can  be  primarily 
considered  best  suited  for  logical  equation  solutions.  Logical  sequential 
functions  will  be  simulated  as  time  dependent  parameters.  The  system  may 
be  divided  into  the  four  related  groups  of  equations  as  shown  in 

Figure  3.3. 3.2.  _ • • | ; ! ; 

. ; The  equations  for  gear  deployment  and  retraction  consider 

electrical  power  through  switches  and  circuit  breakers  to  the  hydraulic 
servo  valves  used  to  unlock/lock,  open/close  wheel  well  doors,  and 
raise/lower  the  landing  gear.  Time  sequential  delays  will  be  incorporated 
into  the  equations  to  simulate'  the  hydraulic  power  factor.  A low 
hydraulic  power  factor  will  cause  an  increase  in  the  time  required  for 
the  hydraulic  activator  to  move  to  the  end  position.-  A load  parameter 

will  be  generated  for  the  Hydraulic  Power  Subsystem.  Gear-up  and  Gear-down 

' ' •*  * 

parameters  will  be  generated  for  use  by  other  landing  gear  equations,  . 

and  for  display  in  the  crew  station.  Drag  force  cues  for  gear  and'  ■ 

doors  will  be  calculated  for  use  by  the  Aerodynamic  Forces  Subsystem.  ' ' 

: ; ( . - i 

I 1 1 The  equations  of  the  landing  force  equations  will  take  into  [_ 

account  the  EOM  data  for  groundspeed  rate  of  descent,  position  above  the 

i 1 ' ' • ■ • • * ' • ; J : . . . 

runway  surface,  and  vehicle  attitude  to  calculate  the  forces  at  each 

gear  for  the  EOM  program.  Audio  cues  will  be  generated  for  touchdown 

of  each  gear.  The  oleo  pressure  and  shock  absorber  deflection  of  each 
1 j i , ■ i 1 1 i ill  ! ! ' j 

gear  will  be  taken  into  account  during  landing  and  rollout  so  that  the 

resultant  position  of  the  vehicle  above  the  runway  is  realistic.  , _ L i 

• ■ . ; 1 * .{It 

. steering  forces  for  deflection  of- the  vehicle  from  nose  wheel 

i ! I i _ i ' 1 ; ; : 

'attitude  will  be  calculated  for  input  to  the  EOM  program.  The  position 


\ ! 
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of  the  nose  wheel  will.be  calculated  based  on  inputs  from  the  crew  station  and 
the  hydraulic  power  factor  time  response.  Cues  will  be  generated  for  audio 
indication  of  nose  wheel  steering  movement  including  nose  wheel  shimmy. 

Hydraulic  fluid  usage  load  will  be  generated  for  the  Hydraulic  Power  System. 

The  Braking  and  Anti-Skid  equations  will  generate  the  horizontal 

braking  force  applied  to  each  gear  wheel  set.  Anti-skid  system  braking 
forces  will  be  generated  using  simulated  wheel  rppi  and  the  ground  speed  of 
the  vehicle.  Cues  will  be  generated  for  the  audio  devices  indicating  braking 

of  the  carbon-on-carbon  surfaces.  ; i _• .[ . ...... 

! Off-nominal  landing  effects  from  water,  ice,  defective  systems,  etc., 

. • t 

\ ■ • : • . : . „ „ _.  „L . . 

will  all  be  instructor  controlled  inputs  as  malfunctions. ; ~7 

"j  ! p^om  these  groups  of  equations,  parameters  simulating  the  actual  ^ 

system  state  will  be  conditioned  using  sensor  and  display  logic  booleans 
from  the  Electrical  Power  Subsystem  for  crew  station  display,  for  input  to  the 
Caution  and  Warning  Subsystem,  or  for  input  to  the  Telemetry  Subsystem  i4ul tiplexer 
Program,  if.  applicable.  The  equations  will,  be  repeated  for  each  landing  gear 
unit,  either  by  programmed  loops  or  by  repetitive  equations,  whichever 
requires  the  lease  amount  of  computer  time  and  core.  Required  malfunctions 
.for.  .the  landing  gear  are  to  be  designed  into  the  simulation  for  minimum  

; i ; | , » 

computer  impact. 
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3. 3. 3. 3 Drag  Chute  Subsystem  • • ; ■ 

The  drag  chute  will  require  a minimum  logical  simulation  approach. 
Chute  deployment  logic  will  be  computed  from  electrical  power  available, 
circuit  breaker,  and  switch  state.  Following  deployment,  the  chute  drag 
force  will  be  generated  based  on  vehicle  airspeed  and  the  distance  of  the 
chute  centerline  above  the  ground.  The  logic  of  chute  release  will  be 
■ nearly  identical  to  the  chute  deployment  equation.  Parameters  used  for 
display  or  as  inputs  to  the  Caution  and  Warning  or  Telemetry  programs  will 
.be  signal  conditioned  with  sensor  power  booleans  from  the  Electrical  Power  Sub- 


System.  The  malfunctions  for  the  drag  chute  simulation  are  to  be  designed 


; 4 

into  the  simulation  for  minimum  computer  impact. 
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; 3. 3. 3. 4 Docking  Subsystem  - * - — : 

The  simulated  docking  subsystem  will  simulate  the  operation  of  the 

-.  shuttle  docking  mechanism.  Inputs  to  the  system  will  include  the  shuttle-to- 

target  vehicle  position  vector  (target  vehicle  translational  E0M),  shuttle-to- 
target-vehicle  direction  cosines  (target  vehicle  rotational  E0M),  shuttle  vehicle 
- - direction  cosines  (shuttle  rotational  E0M),  and  instructor  inputs  (malfunctions, 
etc.).  Outputs  will  include  forces  and  moments  upon  both  the  shuttle  vehicle 
.'  and  target  vehicle  exerted  by  the  docking  mechanism.  The  docking  mechanism  is 
assumed  to  be  deployable,  and  to  be  operative  only  when  deployed.  The  device 
will  be  simulated  accordingly.  If  deployment  requires  a noticeable  finite  time, 
j and  if  this  effect  is  visible  to  the  crew,  the  simulated  mechanism  will  also 

I i*  # 

--‘exhibit  a similar  finite  deployment  time.  State  information  for  the  two  vehicles 

' i !••  !>•'  ' ' . _ ' _ ......  ■ ....... 

" j will  be  used  .to  calculate  the  relative  positions  and  attitudes  of  the  two  docking 

: devices.'  The  particular  configuration  of  the  docking  device  present  on  a given 

I : ; : 1 ■ ‘ : : 

- ---mission  will  be  simulated.  Depending  on  present  relative  state  (and  docking 

I ■ * ! 1 \ ' • • • . ' .! 

.mechanism  configuration),  forces  and  moments  upon  both  vehicles  due  to  the 

'operation  of  the  guide  cone,  actuators/attenuators, or  alignment  rings  are  cal- 

! i“  ’ ' : 

■ ! culated.  When  relative  position  and  attitude  (and  malfunction  status)  is  proper, 

I ! ; . I i | ; ' : • i • . 

capture  latches  will  be  simulated  to  be  closed,  and  resulting  forces  and  moments 

~’i  -.j.-.  . . . . • ' 

| will  be  calculated.  Hard  dock  will  be  simulated  to  occur  when  the  proper  relative 

- 5 -j state  exists  (and  malfunctions  have  not  rendered  it  impossible).  Upon  hard  dock, 

Ja  boolean  will  be  set  to  cause  target  vehicle  mass  properties  to  be  included  with 
I shuttle  mass  properties.  Unlatching  of  a docked  vehicle  will  be  simulated  as 

- — -occurring  upon  remote  command,  providing  relevant  switches  and  breakers  are  ; 

properly  configured,  power  is  available,  and  the  system  has  not  been  malfunctioned 
Jin  such  a way  as  to  prevent  release.  Upon  release,  target  vehicle  E0M  will  be 

' ' ! ■ j | i - , | ■ ! ; , » ! ! ; j ' ; j 1 j . i 
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reinitialized  from  shuttle  E0M.  The  fail-safe  docking  device  jettison  ordnance 
will  be  simulated  for  emergency  use.  An  update  interval  of  100  milliseconds  is 
used  for  the  docking  subsystem  simulation,  which  matches  the  update  rate  for 
target  vehicle  E0M.  The  conceptual  design  for  the  simulation  of  the  docking 
subsystem  is  sketched  in  Figure  3. 3. 3. 4.-1.  . 
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Symbol  Dictionary  for  Figure  3. 3. 3. 4.-1 
e exerted  by  docking  _ [Y]  s 


:^TVdock 


’Ldock 


-t H-4- 

- H'Vdock 


t — rdock 


| .i j 


Mil 


— i — i — l— 


;rs/TV 


i • -4 i 1 — 4- 

I i ! ! 


Tj ! T 


force  exerted  by  docking 
mechanism  on  shuttle 
unlatching/ jettisoning 
impulse  ---  — ’ -j- 

j i i 

force  exerted  by  docking 
mechanism  on  target  vehicle 
torque  exerted  by  docking 
mechanism  on  shuttle  j j 

torque  exerted  by  docking 
mechanism  on  target  vehicle 
shuttle  inertial  position  j 
relative  position  of. target 
-'vehicle  docking  assembly 

i ; ! . * " i 

. . . . ’ -i  • -t 

;( shuttle  body-fixed  ..  j | 

...coordinates) ■ j ’ 

I ! . • ; : j j I 

shuttle-to-target  ' ■ « 

. j {_ L..J 

vehicle  vector  (inertial 

F J 

• ' ■ ’ * j 

.coordinates ) j •;  j j 

; i • , i • j ; ! | 

target  vehicle  inertial 

i j 

position  j | j j 

1 P'  i'  " 1--*:— - ■;  ] ; 

shuttle  inertial  velocity  ... 

target  vehicle  inertial  ! 
velocity  •'  i ' ! I 


^y^s/TV 


mdock 


mdock 

i ; 

_.i_ i 

ip 

mdock  : 


shuttle  attitude 
direction  cosines 
shuttle  body  to  target 
vehicle  body  direction 
cosines 

. 

.target  vehicle  attitude 
'"direction  cosines 

..pitch  docking 

misalignment 

roll  docking  misalignment 

. i r ; 

..yaw  docking  misalignment 
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3.3.4  Communi  cations/Trackino  System  - ; - 

3.3.4. 1.  TACAN  Subsystem  -»-•  , : !. 

The  Space  Shuttle  Subsystem  contains  the  three  TACAN 
Transmitter/Receivers,  control  panels  and  L band  antennas  located  in  the 
orbiter  and  makes  use  of  existing  ground  TACAN  facilities.  The  orbiter 
controls  are  located  on  the  pilot  center  console  and  include  the  three  3- 
d i git  frequency  selectors,  the  three  X-Y  mode  switches,  the  three  test  switches 
and  three  local /master  switches.  The  NAV  AUDIO  switch  contains  positions  for 
monitoring  the  TACAN  station  identification  signals.  The  TACAN  Master  Switch 
selector  (3  position)  and  local/master  switches  allow  advance  set-up  of  the 
panel  to  sequentially  select  three  stations  or  to  obtain  simultaneous  informa- 
tion from  up  to  three  stations  if  in  range.  The  X-Y  mode  control  provides 
for  operation  on  any  one  of  252  paired  frequency  channels,  126  for  each  posi- 
tion of  the  switch.  Station  identification  is  provided  by  receipt  of  the 
transmitted  1350  hz  station  identification  call  letters.  The  TACAN  operates 
by  flight  interrogation  pulsing  of  the  ground  based  beacon  system.  There 
is  a search  mode  in  which  the  system  is  pulsed  at  a relatively  high  frequency. 

...  Once  lock-on  is  achieved,  the  system  provides  bearing  and  distance  informa- 
- tion  for  use  by  the  G N & C computer  and  for  various  displays  including  the 
Attitude  Director  Indicator,  Horizontal  Situation  Indicator,  and/or  CRT 
displays.  In  the  TACAN  mode,  the  HSI  "To/From"  indicator  and- course  deviation 
indicator  display  deviation  from  the  selected  TACAN  radial.  The  HSI  course 
deviation  warning  flag  indicates  deviation  validity.  The  desired  tacan  radial 
is  selected  by  means  of  the  HSI  course  set  knob  and  is  displayed  on  the  HSI 
course  selector  window.  Tacan  information  and  HSI  selected  heading  informa- 
tion is  routed  to  the  G N & .C  computer.  j ; j j i \ 
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Simulation  of  the  TACAN  subsystem  includes  determination 
of  geometry  between  the  orbiter  and  station  selected,  signal  conditioning 
and  switching  logic.  Two  areas  are  somewhat,  new  to  training  simulations. 

These  are  the  relatively  large  area  coverage  per  unit  of  time  and  the  extreme 
altitudes  involved.  In  both  cases  the  problem  is  one  of  being  able  to  handle 
a large  volume  of  station  data  with  fast  switching.  Storage  of  this  data  on 
line  would  solve  the  technical  problems  but  would  be  costly.  Using  off-line 
disc  or  other  mass  storage  media,  the  problem  is  one  of  being  able  to  bring 
the  data  on  line  as  a function  of  switching  logic  (frequency,  antenna  selection 
etc.)  and  range.  The  range  of  trajectories  allowable  for  shuttle  missions 
indicate  a requirement  for  a large  number  of  stations.  These  stations  will  be 
stored  off-line.  EOM  furnished  Latitude,  Longitude  and  Heading  information  will 
allow  ordering  the  off-line  tables  in  a manner  to  allow  prediction  of  the  area 
to  be  covered  before  the  next  update  of  the  on-line  tables.  The  on-line  tables 
will  be  assembled  by  radio  frequency-one  set  of  data  for  each  of  the  252 
possible  selections.  The  station,  for  any  one  frequency,  selected  to  be  stored 
in  the  on-line  table  will  be  the  station  at  the  shortest  range  or  strongest 
received  signal.  Refer  to  figure  3. 3.4. 1 . 1 . As  procedures  for  use  of  the  Tacan 
become  better  defined,  it  may  be  found  that  the  station  data  can  be  assembled 
from  Reset  data  unique  to  each  reset  point.  This  would  be  a desirable  alter- 
native, however,  provision  must  be  made  for  abort  and  contingency  modes.  The 
latter  method  should  be  sufficient  for  simulation  of  the  orbiter/detached  pay- 
load  mode.  In  this  case,  all  necessary  information  can  be  carried  as  reset  data 
except  for  the  payload 'state  vector  which  will  be  supplied  by  EOM.  Once  station 

unique  data  is  assembled  to  correspond  to  the  station  selected,  the  simulation 

\ .... . 

is  straight-forward.  The  tacan  will  be  in  either  search  or  track  mode.  In  search 

, ' © 

mode,  the  bearing  (D)  will  rotate  and  the^ range  (R)  is  undefined.  In  track  mode. 
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. the 

geometry  is 

D = tan 


E = sin 


-1  X 
Y 

1 -Z 
R 


FIGURE  3.3.4. 1.2 


R = [X2  + Y2  +'Z2]  1/2 


To  this,  signal  conditioning  is  applied  for  range  attenuation  vehicle  attitude: 
(antenna  selection),  radiation  pattern  and  radio  horizon.  The  visibility  due  to 
radio  horizon  can  be  expressed  as  - - - - ' 


R „ rr  cos  E 


cos  (E+B) 


where 


Rh 

re 

- E 

B 

B;- 


= radio  horizon  range  ; • •.  — 

. _ i • 

= earth  radius  ’ ~ j ' 

= Elevation  angle  constraints  (default  value  of  zero).  L 

= central  angle  between  the  Tacan  station  and  the  orbiter  positions 
= sin'1  (CR^ Shuttle  X UR  Tacan)  . ■ J " 
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The  test  for  visibility-  with  respect  to  the  radio  horizon  between  the  orbiter 
and  the  Tacan  station  is: 

Rh  * Arbiter  ^ visible  - 

' ' - 7 Rh  > Arbiter  * "ot  vis1b,e 

See  figure  3. 3.  4. 1. 1 

The  TACAN  simulation  will  include  the  "cone  of  confusion"  over  the  ground 
station  and  the  built  in  test  checks.  
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SYMBOL  DICTIONARY 


Rotating  earth  centered  coordinates  of  the.shuttle  vehicle. 


Rotating  earth  centered  coordinates  of  the  station. 


Time  delay 

relative  azimuth  angle 
relative  elevation  angle 
LOS  range  r 

radio  horizon 

• T T 

Signal  strength  - : 
Antenna  geometry  vector. 
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3. 3.4.' 2 


The  space  shuttle  ILS  subsystem  contains  triple  redundant  ILS 
glide  slope,  localizer  and  marker  beacon  receivers  with  one  frequency  selection. 
The  receiver  is  selected  by  one  of  three  toggle  switch  on-off  controls  which 
also  has  test  positions.  Audio  selection  is  made  by  one  of  the  same  multi- 
position rotary  switch  as  used  for  the  TACAN  subsystem.  - 

• » * 1 

; " Simulation  of  the  ILS  subsystem  includes  geometry  of  the  radiated 

signal  patterns  for  the  localizer  glide  slopes  and  the  marker  beacons.  A 
unique  problem  to  the  simulation  is  the  requirement  for  two  nominal  glide  slopes, 

i 1 ■ ♦ _ J ■ 

simulated  simultaneously.  These  will  have  slopesof  approximately  8°  and  15°. 

The  problem  is  not  totally  new  since  standard  glide  slopes  have  nulls  at  the 

; . • i ; * : i 

nominal  angle  E,  2E,  3E,  4E,  and  5E  with  the  5E  signal  phasing  the  same  as  E 
(fly-to  error  signals) . The  system  concept  depicted  in  Figure  3. 3.4. 2. 2 

includes  these  unique  features,  as  well  as  the  standard  geometry  and  switching 

! "i  ’ " : : i 1 : ; 

problems  which  must  be  solved.  The  geometry  is:--  — ; — | j— -j — --j—  . 
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Figure  3. 3. 4. 2.1 
ILS  Geometry 
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where  the  station  azimuth  angle  relative  to  earth  north  is  Jan 


-1  AX 


station-to-orbiter  elevation  angle  is  defined  by  the  angle  Sin  ~l  ~ . An 
additional  conditioning  of  the  elevation  error  signal  is  required  due  to  the 
multi-lobe  radiated  pattern  and  distortion  of  the  radiated  signal  due  to  local 
geography  and  weather.  The  error  signals  generated  are  fly-to  for  the  E and 
■5E  cases  and  fly-from  otherwise  with  nulls  at  2E,  3E  and  4E.  The  8°  and  15° 

•-  glide  slopes  are  assumed  nominal  for  prime  and  selected  alternate  landing  sites 

! ..  i 

'“'for  the  shuttle.  Any  other  landing  site  would  require  using  the  5E  lobe  null 
(with  a nominal  E of  o.3°  for  the  steep  glide  slope).  The  simulation  concept 
— allows  the  instructor  options  for  selection  of  these  conditions  either  for 
■space  or  ferry  missions.  Station  audio  identification  is  generated  and  routed 
Jo  the  communications  system  for  both  the  ILS  station  and  ident  codes  for  each 
of  the  marker  beacons.  Aircraft  systems  have  an  indicator  lamp  which  flashes 

. i • 1 ! • 

the  marker  beacon  code.  This  lamp  is  not  known  to  exist  on  the  shuttle  panels, 


but  may  be  part  of  a CRT  display, 


: Number  of  Equations: 
-{.Equation  Loop  Factor: 

1 I . 

Iteration  Rates : "I ' 
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'Accuracy  Requirements:  ; 15  bits 
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3.3. 4.3  Navaids  Radar  Altimeter  Subsystem  i . - ; 


*••■■■•■  A typical  FAA  radar  altimeter  is  assumed.  This  subsystem  will  provide 
warning  cues  as  well  as  an  accurate  measurement  of  vehicle  altitude  above  local 
terrain  for  display  and  inputs  to  the  GN&C,  COMM  and  D&C  systems.  The  antennae 
are  located  sufficiently  close  to  the  vehicle  center  of  gravity  that  no  apparent 
change  in  indicated  altitude  occurs  with  vehicle  attitude  changes.  Gross  attitude 
change  can,  however,  cause  a loss  of  return.  The  logic  functions  shown  are  typical. 
* A local  terrain  software  model  will  be  constructed  and  data  specified 

at  the  intersection  of  azimuth  radials  and  range  circles  centered  at  the  runway. 
Linear  interpolation  between  data  points  will  provide  a smooth  change  in  terrain 
altitude  with  the  values  in  the  tables  representing  exact  terrain  altitude  at  the 
specific  points.  Simulation  requirements  indicate  a requirement  for  maximum 
accuracy  at  touchdown  and  near  the  nominal  approach  azimuth.  Lower  accuracy  can 
be  tolerated  at  long  range  from  the  landing  site  and  at  large  relative  bearings  to 


1 L 


; j i j ? 

! j j . j | 


— 4 


i ! j i 

I j I ; i ■ 


” r ‘T  ! 


f j j_  ! ; 


the  runway  leadings.  "j j ' '[  j • - j - j r | ~r  . r* 

[ _! Symbols  and  Definitions  j j . j | \ 
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3 . 3 . 4 . 4 ATC  Transponder  ; • • • r • * 

The  ATC  Transponder  system  consists  of  the  flight  transponder  with 
an  on-off  toggle  switch  and  a toggle  switch  selection  for  transponder  #1  and  #2. 
The  simulation  will  consist  of  monitors  for  these  switches  at  the  Instructor- 
Operator  Station.  Refer  to  Figure  3.3. 4. 4.  ' 


i ■ i 
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3.3.4. 5 NAVAIDS  MICROWAVE  LANDING  SYSTEM  (MLS) 

The  requirements  of  the  MLS  are  essentially  the  same  as  for 
ILS  (paragraph  3. 3. 4. 2).  The  major  differences  are  station 
■ ; frequency,  orbiter  controls,  greater  accuracy  of  steering 

■ "v  -information  and  shorter  range.  The  conceptual  design  is 

essentially  that  shown  for  the  ILS  in  figure  3. 3. 4. 2.  Require- 

. _ments  for  an  MLS  system  have  not  been  firmly  established, 

• however  the  system  is  included  in  the  SCD  because  of  the  ~ 

probable  need  for  a system  with  higher  accuracy  then  the 
conventional  ILS  system  for  autolandin’g  reouirements . 
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S-Band  Communication  Subsystem 


The  simulation  of  the  S-Band  'voice,,  data,  and  command  communication 
link  will  be  modeled  by  calculating  the  signal  strength  of  the  received  signal 
at  the  vehicle  and  the  transmitted  power  level.  To  determine  the  signal  strength, 
it  is  necessary  to  determine  if  the  signal  path  is  occulted  bv  earth. 

' The  number  of  stations  that  must  be  tested  are  limited  to  the  STDN 
and  SGLS  stations.  _ . ; 

As  shown  in  Figure  3.3.  4.6, r . the  line-of-sight  acquisition  is  calculated 

from  the  vehicle  position  vector  from  EOM.  Only  those  stations  having  positive  eleva- 
tion angles  are  acceptable  as  having  line-of-sight.  ' 

i 

- r • The  transmitter  and  receiver  operational  power  is  calculated  from  EPS 
power  available  booleans,  circuit  breaker  state,  and  switch  state  in  the  crew 
station.  Switching  logic  will  be  taken  into  account  by  the  program. 

. Transmitter  signal  strength  is  calculated  usina  transmitter  output  power 

: -*• 

•» 

attenuation  losses  to  the  antenna,  and  antenna  gain.  The  transmi ttina-recei vinq 

antenna  is  determined  by  calculating  the  receiver  signal  strength  at  all  antennas. 

In  auto  switching  mode,  the  antenna  with  the  highest  signal  strength  is  selected. 

This  is  accomplished  by  computing  the  mode  of  antenna  selection  as  based  on  the 

crew  panel  switch  positions  and  the  calculated  AGC  voltage.  The  attenuation  of 

the  incoming  signal  is  calculated  from  the  attenuated  ground  transmitter  power  and 
•* 

the  attenuation  pattern  of  the  signal  from  the  selected  antenna.  The  antenna 
pattern  attenuation  is  calculated  by  performing  a vehicle  to  Earth  transformation 
of  the  EOM  data  yielding  the  relative  position  of  the  ground  site  to  the  vehicle 
antenna.  ' : " 7 ; T"  •;  ~ ! 7~~ : : - j 7 ■ ’ [" j'" 

__  _ _ -i  4 _ . ...  . . . . j 1 t . . 

Following  calculation  of  the  attenuation,  a background  noise  level  will 

be  calculated  and  a signal  level  will  be  calculated.  These  two-signals  will  be 

*•  0 <** 

furnished  to  the  audio  hardware  equipment  to  generate  a voice  volume  and  a noise 
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volume  level.  Instructor  override  of  the  volume  level  calculated  by  the  piogram 

will  be  provided.  . 1 1 

Booleans  will  be  generated  signifying  that  T/M  and/or  DCS  command  capa- 
bility exists.  These  booleans  will  be  provided  to  MCC  and  to  using  subsystems. 

" ' : ' ‘ Simulation  of  the  phase-lock  S-Band  Ranging  system  will  be  provided  by 

calculating  the  distance  of  separation  of  the  vehicle  from  the  ground  station. 

This  function  will  not  require  "ground  station"  processing  by  computer.  The  range 
calculated  will  be  made  available  to  MCC  for  all  stations  in  contact  with  the 


vehicle. 
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3.3,4. 7.  UHF  Communication  Subsystem  - - • • - 

The  simulation  of  the  UHF  transceiver  voice  communication  link  will 
be  modeled  by  calculating  the  signal  strength  of  the  received  signal  and  the 
transmitted  power  level.  To  determine  the  signal  strength,  it  is  necessary  to 
determine  if  a station  is  occulted  by  earth  and  is  operating  on  the  correct 
frequency.  ■ ! ■ 


’ The  number  of  possible  stations  that  may  be  tested  is  limited  by 

computer  time  and  core.  At  high  orbital  altitudes,  it  becomes  possible  for  the 

vehicle  to  have  line-of-sight  with  large  earth  surface  areas.  The  extreme 

example  is  that  an  area  greater  than  the  U.S.  may  be  within  line-of-sight. 

With  such  coverage,  it  is  necessary  to  limit  the  number  of  ground  stations  loaded 

in  working  core  of  the  computer.  At  this  time,  it  is  felt  that  twenty-five 

additional  stations  over  the  normal  STDN  stations  are  sufficient  for  any  training 

.0 

mission.  To  bring  these  stations  into  core.,  one  concept  that  is  usable  is  to  use 
the  Reset  feature  to  call  from  mass  storage  twenty-five  UHF  stations'  parameters. 
Additions  or  deletions  may  be  made  to  the  Reset  selected  stations  by  providing 
to  the  instructor  controlled  access  to  the  mass  memory  tables.  These  mass 
memory  tables  are  expected  to  require  approximately  one-thousand  stations' 

parameters.  : ........ — . — ;■  — L J — 1 — ; — ^ — i — ; — i — - - 

- In  Figure  3.3. 4. 7,  the  first  step  in  solving  the  UHF  communication 

model  is  to  calculate  accessibility  of  line-of-sight.  This  is  accomplished 
by  computing  the  elevation  angle  of  the  vehicle.  Only  those  stations  having 
positive  elevation  angles  for  the  vehicle  are  selected  as  having  line-of-sight. 

From  these  selected  stations,  the  frequency  (or  channel)  set  on  the 
crew  station  panels  will  be  used  to  further  edit  the  non-active  stations  from 
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the  stations  with  positive  elevation  angles.  Once  a ground  station  has  been 
identified  as  having  both  a positive  elevation  angle  and  on  the  same  frequency 
as  the  vehicle,  the  station  identification  code,  position  of  station  in  the 
E-frame,  and  the  station  transmitted  power  are  provided  to  the  transceiver  power 
logic  equations.  i ' j [ i ‘ : 

'The  transceiver  power  logic  equations  generate  booleans  for  receiver- 
on  and  transmitter-on  from  the  EPS  power-available  booleans  and  the  crew  station 
switch  and  circuit  breaker  control  logic.  , j 

J.  Transmitter  signal  strength  is  calculated  using  transmitter  output  power 

■attenuation  losses  to  the  antenna,  and  antenna  gain.  The  transmitting-receiving 

: 1 ■ ’ . i 

antenna  is  determined  by  calculating  the  receiver  signal  strength  at  all  antennas. 
In  auto  switching  mode,  the  antenna  with  the  highest  signal  strength  is  selected. 
This  is  accomplished  by  computing  the  mode  of  antenna  selection  as  based  on  the 

crew  panel  switch  positions  and  the  calculated  AGC  voltage.  The  attenuation 

% 

.._.of  the  incoming  signal  is  calculated  from  the  attenuated  ground  transmitter 
-power,  and  the  attenuation  pattern  of  the  signal  from  the  selected  antenna.  The 
antenna  pattern  attenuation  is  calculated  by  performing  a vehicle  to  Earth 
_ transformation  of  the  EOM  data  yielding  the  relative  position  of  the  ground  site 


■—to  the  vehicle  antenna.  • •; — r • — i — .-  • •— r~  1 - ; — i---h - 

i j ; I ; * ■ I i i i j ■ j • ■ | ■ 

Following  calculation  of  the  attenuation,  a background  noise  level 

..will  be  calculated  and  a signal  level  will  be  calculated.  These  two  signals 
r will  be  furnished  to  the  audio  hardware  equipment  to  generate  a voice  volume  and 

••  a noise  volume  level.  Instructor  override  of  the  volume  level  calculated  by  the 

! i . : . * ! ■ • .j  j i • 

..program  will  be  provided.  .{.  j 1... ! : { ‘ _ ; ' _ • : ....  i_. 
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3.3. 4-7 J UlHF  Voice  - Communication  Subsystem 
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3. 3. 4. 8 Telemetry  Subsystem  - ■ - 

The  Telemetry  Subsystem  for  the  Shuttle  is  simulated  by  supplying  the 
GSSC-MCC  complex  with  a serial  digital  data  stream  in  a format.  At  this  time,  it 
is  assumed  that  the  format  required  by  MCC  for  integrated  training  will  be  the 
same  as  would  be  received  at  MCC  in  the  real-world  situation.  The  format  of  the 
multiplexed  air-to-ground  station  telemetry  data  will  be  simulated  within  the 
main  computer  for  display  and  malfunction  purposes.  This  assumption  is  based  on 
previous  simulation  experience  from  SLS  and  CMS. 

The  vehicle  for  both  OFI  and  DFI  has  a maximum  data  transfer  rate  of 

“ 7*  9 

• 128  Kbps  on  T.024  MH^  and  256  Kbps  on  1.7  MH^.  The- 128  Kbps  is  apparently 
dedicated  to  the  vehicle  operation  plus  payload  interface  parameters.  The  256  Kbps 
is  payload  dedicated. 

....  . jhe  T/M  simulation  design  concept  is  limited  to  present  day  equipment 

by  NASA  decision.  This  equipment  allows  a maximum  Building  30  - Building  5 inter- 
_ face  rate  of  51.2  Kbps  on  each  of  two  coaxial  lines.  This  limitation  reduced  the 
T/M  interface  to  51.2  Kbps  for  the  OFI  and  DFI  instrumentation  and  to  51.2  Kbps 
for  the  payload  digital  data.  The  51.2  Kbps  rate  is  used  for  the  two  line  links 
because  the  existing  equipment  has  been  used  at  that  rate  previously  in  the  CMS 

a 

- Trai  ner.  ~ - - - - ? 


; The  telemetry  program  functions  are  shown  pictorically  in  Figure  3. 3.4.8. 

; The  multiplexer  power  logic  equations  calculate  the  operating  condition  of  the 
- multiplexer  and  the  signal  conditioning  units.  The  telemetry  data  will  be  trans- 
ferred to  GSSC  even  when^ the  simulated  T/M  transmitter  is  inoperable.  Additional 
booleans  will  be  supplied  to  GSSC  indicating  the  operating  condition  and  power 
output  of  each  transmitter  unit  from  the  S-Band  System  equations.* 
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Telemetry  parameters  generated  by  the  software  systems  will  be  stored 
into  a table  where  the  T/M  multiplexer  equations  will  condition  the  inoperative 
multiplexer  channels  with  dummy  values.  These  generated  T/M  multiplexer  tables 
are  then  processed  by  the  signal  conditioning  and  scaling  program.  This  program 
will  take  the  digital  floating  point  values  and  convert  the  data  to  packed  words 
or  biased,  scaled,  fixed  point  data  values.  These  new  values  will  then  be  stored 


into  a format  with  the  dummy  filler  values  and  constant  values. 
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Figure  3. 3. 4. 8 Telemetry  System 
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3.  3. 4. 9 Digital  Command  Subsystem 

. ... 

• The  Up-Link  Digital  Command  Subsystem  is  simulated  by  use  of  software 
and  hardware  for  the  transmission  of  command  data. 


In  the  integrated  mode  with  MCC,  an  encoded  word  will  be  generated  by 
the  controller,  shinped  by  hardware  telephone  equipment  to  the  SMS  comouter. 

Within  the  computer,  software  will  decode  the  command,  set  a boolean  indicating  the 
command,  and  generate  a boolean  for  T/M  of  acceptance  of  the  DCS  command. 

- For  the  non-i ntegrated  mode  of  computer  operation,  the  instructor 

will  provide  up-data  commands  by  manual  insertion  using  the  CRT  or  other  means  of 
data  entry.  _ . , | [_ 

.....  — . - if  the  advanced  training  technique  of  predetermined  instructor  action 

is  implemented,  it  will  be  possible  for  the  remote  commands  to  be  established 
by  the  computer  similar  to  malfunctions. 

• The  software  required  is  shown  in  Figure  3.3,.4.9.  The  incoming 

command  word  from  MCC  or  the  I OS  is  decoded  if  the  power  switching  logic  equations 
show  that  the  S-Band  receiver  has  acquired  the  ground  signal  in  sufficient  strength 
- - to  receive  messages,  that  EPS  power  is  available  to  the  DCS  decoder  via  switches 
and  circuit  breakers,  and  the  decoder  is  operational.  The  decoder  will  test  the 


incoming  message  and  store  a boolean  in  the  selected  command  word  location  and 
-establish  a boolean  for  the  T/M  program  to  transmit  signifying  command  message 


Command  System 
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3.3.4.10  Television  Control  Logic  Subsystem 

The  software  simulation  of  the  TV  Subsystem  will  provide  the  switching 
and  relay  logic  of  the  on-board  television  cameras  and  monitors.  Crew  station 
switch  position,  circuit  breaker  position,  and  remote  DCS  commands  will  be  included 
in  the  equations  to  determine  camera  power  and  receiver  power.  A test  will  be  made 
of  the  S-Band  transmitter  power  level  to  determine  if  air-to-ground  transmission 
is  possible.  A test  will  also  be  made  on  the  S-Band  received  signal  to  determine 
if  airborne  reception  is  possible. 

The  IOS  will  be  provided  with  a remote  TV  monitor  simulating  the  vehicle 
monitor  or  the  ground  monitor  station.  Provision  shall  be  made  for  instructor 
override  over  the  S-Band  signal  attenuation  and  crew  station  power  logic. 

3.3.4.11  Recorder  Control  Logic  Subsystem  - - 

The  software  simulation  of  the  Voice  Recorder  will  provide. the  switch- 
ing and  relay  logic  of  the  audio  recorder.  Crew  station  switch  and  circuit 
breaker  position  will  be  included  in  the  equations  to  determine  recorder  power. 

Discretes  will  be  provided  to  determine  whether  the  recorder  is  in  record,  rewind, 

- . - * * ’ 

or  playback.  -j  . ; : ; ' ; ■ ; 


The  software  simulation  of  the  Data  Recorder  will  provide  the  switching 


and  relay  logic  of  the  data  recorder  unit.  Crew  station  switch  and  circuit  breaker 
position  will  be  included  in  the  equations  to  determine  recorder  power.  Discretes 
will  be  provided  to  determine  whether  the  recorder  is  in  record,  rewind,  or  play- 
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3.3.4.12  VHF  Communication  Subsystem  

The  simulation  of  the  VHF  duplex  and  simplex  voice  and  data  communica- 
tion link  will  be  modeled  by  calculating  the  signal  strength  of  the  received 
signal  from  the  ground  stations  and  the  transmitted  power  level  out  of  the  vehicle 
antennas  to  the  ground  station.  To  determine  the  signal  strength,  it  is  necessary 
to  also  determine  if  a station  is  occulted  by  the  earth  and  if  it  is  operating  on 

f : ' 1 ' 1 ' ' i ' 

the  correct  frequency .. — j — i — — ■- 

- - - - The  number  of  possible  stations  that  have  line-of-sight  coverage  is 

excessive  when  it  is  considered  that  the  area  of  coverage  may  be  as  large  as  the 
United  States.  With  such  coverage,  it  is  necessary  to  limit  the  number  of  ground 
stations  loaded  in  working  core  of  the  computer.  At  this  time,  it  is  felt  that 
twenty-five  additional  stations,  over  the  normal  STDN  stations,  are  sufficient 
for  training.  The  Reset  feature  as  described  in  the  UHF  Logic  System  will  be 


used. 


! t 


.!.  

! ■ „ 

I I 


1 ’i  I The  process  of  identifying  those  stations  having  line-of-sight,  on 
correct  frequency,  receiver-transmitter  operation,  receiver-transmitter  signal 
strength,  and  signal-to-noise  ratio  , is  the  same  as  the  UHF  Logic  System  for 

: • __  . u .....  .i ■ 

simulation  concept.  This  process  is  identified  as  the  signal-to-noise  equations 

in  Figure  3.3.12.3.  ...j~  . J — j -j  — j — | — j — | — j. — | — — j 

. Following  the  station-to-vehicle  calculations,  the  equation: 


i i i 

| i : 

1 ! I 


r z-r*rn 


iii 

' : : 2j  2 

< :■  (r|  - r 

. i 1 1 ; ; 


: i ; t j_ 

j i i 1 

! i Li  l_  1 

j p • ’ 

! ! ! j i 

1 ! : ! 

! ! i j 

| i ; 1 

. J.....’.. 

; j j j ! | 

| j , | 

L;i l . TV  J— i J 

: i ■ 1 ■ ■ ' ! 1 

_L_  — j : -j-. where:  r = Orbiter  vector  Earth^centered  Inertial 

, r4,  = Tarqet  Vehicle  vector  - Earth-centered  Intertial 

i I | j j * TV  ‘ v _ 

! ; ■ . i j i 

...  . ....  . rc  = Earth  radius  (assumed  spherical  model) 

, * * ; : L 

• t ; ' j **  : 

solves  the  problem  of  line-of-sight  from  orbiter-to- target  vehicle. 
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; The  attenuation  of  the  signal  paths  between  the  two  vehicles  will  then 

be  calculated  based  on  antenna  pattern  orientation  and  vehicle  separation  dis- 
tance. The  relative  bearing  angles  will  be  calculated  and  applied  to  equations 
representing  the  antenna  pattern.  : | . ! j 1 i • j ' 

. Using  the  attenuation  figure  for  the  target  vehicle  to  the  shuttle, 
a boolean  will  be  established  for  the  condition  of  reception  of  data  of  the  low 

2Kbs  rate.  : i !_  • j ; ! i ;_M  I j j ’ l ’’  ’ 

From  the  attenuation  figure  for  the  orbiter  to  target  vehicle,  a boolean 

i ; i ■ 

will  be  established  for  the  condition  of  transmission  of  commands.  ; 

; i t j i 

; Booleans  representing  the  capability  to  transmit  or  receive  voice  will 

1 ......  - . - • ; . 1 

be  generated  by  the  programs  for  use  by  the  audio  hardware.  ; L.. 


F -398-8  • 


;F  -398-  8 - 


date  3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE 

NO.  3-162 

REV. 

BINGHAMTON,  NEW  YORK 

REP. 

NO. 

3.3.4.13  Intercom  Switching  Subsystem 

The  intercom  or  audio  control  logic  will  be  simulated  for  all  relay 
and  switching  logic  by  software.  Inputs  to  the  logic  equations  will  be  provided 
by  the  crew  station  switches  and  circuit  breakers.  All  real-world  electronic 
relay  circuits  or  logic  circuits  will  be  modeled  by  software  equations  with 
malfunctions.  Physical  control  of  the  voice  and  noise  level  on  each  circuit  will 

, . ' . ' ! | * ‘ 1 r ^ 

be  provided  by  the  originating  system.  •-  i i : 1 , 
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Figure  3.3.4.13  Intercom  Control  Loqic 
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3.3.4.14  Wide  Band  Data  Link  Subsystem 

The  simulation  of  the  Wide  Band  transmission  of  main  engine  and  payload 

data  is  not  justifiable  using  existing  data  lines  and  equipment.  The  major  problem 

is  that  the  type  of  data  being  transmitted  over  wide  band  requires  either  analog 

simulation  or  a very  high  rate  (1,000  samples  per  second)  of  digital  simulation. 

There  are  not  enough  coax  lines  to  transfer  analog  data  for  approximately  50 

channels  of  data.  There  are  coax  cables  which  could  transmit  51.2  Kbs  of  data; 

however,  a digital  simulation  with  an  iteration  rate  of  1,000  cycles  per  second 

would  be  required.  This  framing  rate  would  require  a specially  dedicated  computer. 

This  method  is  possible;  however,  it  is  felt  the  cost  of  this  method  would 

- ’ ' * • 
prohibit  the  value  derived  from  transfer  of  the  data  to  MCC. 
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3.3.5  Control  and  Display 

3.3. 5.1  Caution  and  Warning  Subsystem 


The  Caution  and  Warning  Subsystem  is  suitable  for  a logic  eauation 
simulation.  The  system  is  composed  of  four  types  of  crew  cues:  alert, 

caution,  warning , and  emergency.  All  four  have  one  common  identity  - the 
audio  cues.  The  simulation  can  be  best  approached  by  the  division  of 

equations  shown  in  Figure  3.3. 5.1 . ; 

f,-  — The  Alert  power  and  display  logic  equations  determine  if  alert 

power  is  available,  whether  the  sensors  are  active,  and  generates  booleans 
! for  display  in  the  crew  station  when  input  parameters  are  out  of  tolerance. 

A boolean  will  be  generated  for  cue  to  the  audio  device  each  time  a new 

parameter  is  sensed  out  of  tolerance.  , 

1 The  Caution  and  Warning  Power  equations  simulate  the  separate 
■ ■'"internal  power  supplies  of  Caution  power  and  Warning  power.  Since  these 
units  are  controlled  by  the  same  switch,  circuit  breaker,  relay  functions, 

; they  are  included  together.  The  equations  generate  Caution  sensor  power 
--7 -available  and  Warning  sensor  power  available  booleans  to  the  using 

subsystem.  j i , ; , . | I J. 

i _ j__  . The  using  subsystems  will  include  the  sensor  power  available... 

" term  in  their  equations  prior  to  input  to  the  Caution  and  VJarning  System. 

T The  inputs1 are  to  be  tested  against  stored  upper  and  lower  value  limit 
L. tables  in  the  parameter . test  equations.  Discretes  will  be  generated  for  ....... 

!'each  parameter  out  of  tolerance  for  display  in  the  crew  station.  In 

* * * ? ; i ■ 1 . . : • • 

addition  a boolean  will  be  generated  as  a cue  to  the  audio  alarm  equations 
j each  time  a new  Caution  or  Warningnparameter  is  found  to  be  out-of-tolerance. 

i # • 

Crew  station  inhibit  switches  are  to  be  included  in  the  logical  test  so 
that  discrete  alarms  can  be  isolated.  . ‘ , . , ; i •'  ; ! 


{ i i t t 

I i i t 
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The  Emergency  power  equations  simulate  the  emergency  power  unit 
and  its  control  switches  and  circuit  breakers.  An  emergency  sensor  power 
available  boolean  will  be  generated  by  the  equations  for  inclusion  in 
equations  of  the  using  subsystems.  Inputs  for  Emergency  alarms  from  the 
using  systems  will  then  be  tested  against  upper  and  lower  limits  in  the  emer- 
gency parameter  test  equations.  The  test  equation  will  take  into  account  the 
crew  station  inhibit  switch  position. 

Booleans  generated  by  the  alert,  caution,  warning,  and  emergency 
' equations  will  be  included  in  equations  in  the  audio  alarm  section  to  provide 
' cues  to  the  audio  devices  as  -to  which  alarms  are  on.  Volume  control  of  the 
: intercom  speakers  for  the  alarms  will  be  a hardware  control. 

The  instrumentation  signal  conditioning  of  Caution  and  Warning  Sub- 
..  system  parameters  will  be  accomplished  using  sensor  and  display  logic  booleans 
; from  the  Electrical  Power  Subsystem  for  crew  station  'display,  for  reinput  to 
the  Caution  and  Warning  Subsystem,  or  for  input  to  the  Telemetry  Subsystem 
/ Multiplexer  Program.  The  equations  of  the  Caution  and  Warning  Subsystem  will 
be  repeated  for  each  unit,  either  by  programmed  loops  or  by  repetitive  equations, 
whichever  requires  the  least  amount  of  computer  time  and  core.  Required  mal- 

functions  for  the  Caution  and  Warning  simulation  are  to  be  designed  into  the 

“'  simulation  for  minimum  computer  impact.  j I"  ; " • 

11  ‘ i ; , : ; ■ - 


i » 


PAGE 

NO. 

3-166 

REP. 

NO. 

FIGURE  3. 3.5.1  Caution  and  Warning  System 
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3. 3. 5.2  Supplementary  Display  (IQS)  . . . 

••  The  IOS  will  be  provided  with  real -time. software  controlled  CRT 
displays.  The  following  display  descriptions  are  considered  as  desirable 
instructor  aides,  however  the  design  will  be  highly  dependent  on  the  final 
hardware  selection.  - — ~ ‘ " , 

i i 

For  prelaunch,  a display  will  be  provided  for  the  Ground  Support 
Checkout  function.  . This  display  will  be  a functional  simulation  of  the 
interface  performed  by  GSE  equipment  and  will  allow  the  instructor  to  monitor 
the  launch  vehicle  similar  to  the  GSE  monitor. 

t I : 

_ . .Telemetry  displays  will  be  provided  by  both  simulated  on-board 

: : J 

“ systems  and  by  the  T/M  Multiplex  program  for  both  integrated  and  non-integrated 
training  with  the  Mission  Control  Center.  : j : . ; 

. A L A. display  will  be  provided  to  generate  a.  presentation  for  a Ground 
Controlled  Approach  simulation.  Because  there  is  no  requirement  to  train 
GCA  controllers  or  instructors  as  controllers,  the  presentation  will  be  in  the 
.form  of  digital  correction  for  the  instructor  to  communicate  to  the  pilot.  This 

• j ! ] I ' .'  j i ; I • i , j | 

would  simulate  a GCA  landing.  ' * ",  ■■■■■■, p : j- — 

: : ' An  FAA  tracking  radar  coverage  could  be  generated  for  training 

pilots  in  flight  pattern  in  air  corridors  and  flight  traffic  holding  patterns. 

, ■ *t  . | r 

~~~  ‘ k graphic  terminal  display  of  the  energy  management  footprint  could 
be  generated  showing  the  relative  headings  of  the  nearest  landing  site 

1 • ■ ■ t f ~ r *7" " r !~" 

. following  a de-orbit,  re-entry,  or  landing  approach,  .j : j j \ 1 ; : 

i 1 i I ; • I ; i • 1 ! I i ' 

--y  " ’ With  graphic  display  capability,  simplified  flow  charts  or  schematics 

i _•  . _ : ; i_  _ 

could  be  generated  to  provide  the  instructor  with  instant  recall  for  any 


...  particular,  system  or  component, 


! 1 1 


I 1 i 
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System  internal  data  and  overall  system  response  displays  will  be 

supplied  as  the  by-product  of  the  software  engineers'  development  and  system 
checkout  of  the  simulation.  ..  Refer  to  Section  3. 3. 7. 7.  . .. 


; | i ! i ! • 

T i 

? i 

_j_  j 

i ; i | ! : i 

i 

i ; i j 1 i 1 

i 

* 

I i ; i i ' 

i 

r-  r i i j j 

i 

' f _ 

' ! 1 ! 

! ...  _i 

!ii  i! 

! 

’ ! | j i 

1 1 1 1 ; !_ 

Mi  ! i 

i 

i 

_ J Li — J—  | . . 

■-4- 

j ! ; ! i ! 

1 • t 

» ^ j 

i • • ! * »_ 

; l 

} . J _ . 

i i , ! i ■ L_ 

j 

; | J ; _j_  i 1 - 

rt 

! j 1 i i L ; _. 

! 

i i 

! ] _ J L J L . - !•  - 

; 1 • ; ! i 

4-  4 — 

' 1 

j i | J l-  « • 

..\ . - . J — 

! 1 | 1 ; i 1 

1 

i 

! 

Li 
"T  T 

i 

j 

; T 

i i 

1 

i 

L.  J 

i 

| 

} 

i—  • 
i 

- 

i 

i 

i ! 

; i 

_ ;•  - j 
i _ i 

T i 

__  _L i 

i i 

' i 

i 

| 

i 

J_ — 

i l 
1 

i 

i 

1 i 
i 1 .. . 

I-K 

r-i- 

_ ]. L 


r “i — cm 


i i , i 

l f ' » 


393-8 


DATE  3/23/73 

. SINGER-GENERAL  PRECISION,  INC. 

L 1 NK  D 1 V 1 S 1 ON  . 

BINGHAMTON.  NEW  YORK 

PAGE  NO.  3-170 

REP.  NO. 

REV. 



3.3. 5,3  Supplementary 'Control  (IQS) 

the  I0S  will  be  provided  with  the  capability  of  controlling  uhe 
functions  normally  under  GSE  control  during  the  simulation  of  the  preflight 
phase  of  the  vehicle.  These  control  functions  will  be  presented  to  the 

instructor  by  a CRT  so  that  the  function  is  clearly  understood  and  may  be 

: ‘ i 

easily  used.  , . . : - -4 

: ... : The  function  of  Mission  Control  through  the  Up-Link  Command  Subsystem 

will  be  provided  to  the  instructor  by  both  system  function  and  by  coded  tabular 
’ entry.  Provision  will  be  made  if  possible  to  avoid  having  the  instructor 
■-  enter  binary  coded  data  for  these  command  functions- and  to  provide  binary 
' code  insertion  for  coded  command  symbols  or  alpha  numerics. 


The  IOS  will  be  provided. with  special  display/entry  page  formats 
so  that  software  data  pool  may  be  accessed  and  modified.  - 
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3 . 3 . 5 . 4 Operational  Instrumentation  Condi  tinning  Subsystem 

The  power  conditioning  units,  transducer  power  supplies,  and 
the  associated  power  for  signal  conditioning  of  measured  and  display 
parameters  will  be  simulated  using  only  dynamic  bilevel  parameter 
i ; • ■ measurements.  These  measurements  read  the  nominal  value  or  the 
minimum  value  if  disabled  by  malfunctions  entered  or  by  loss  of 

! ' ‘ - I*  ^ 

> . _ power  to  the  unit.  . ' . • 


The  program  will  simulate  conversion  of  DC  power  from  the  main 
buses  to  DC  power  at  voltages  required  by  instrumentation  DC  power 
system  loads.  This  simulation  will  include  power  supplies  such  as 
+ 5,:  + 24,  + 28  volt  supplies  and  loads  such  as  display  trans- 
ducers and  signal  conditioning  eouipment.  All  major  components  such 

I ; 

as  DC- DC  converters,  transducers,  and  signal  conditioning  equipment 

I ; * . 

will  be  simulated  using  Boolean  terms  representing  the  state  of 

* T ‘ T ’ . 

circuit  breakers  and  switches  of  the  major  components.  . ; 


itil 


The  program  will  perform  the  dynamic  bilevel  calculations  of 
the  required  supply  voltages  and  equipment  operational  status. 

The  system  will  also  provide  the  computed  load  parameters  to  the 

\ J I * • , 

power  bus  loading  subsystem  for  bus  conductance  computations  and 
te  the  ECS  sub-system  for  heat  loading.  Signal  conditioning  of 
parameters  for  telemetry  processing  will  be  simulated  by  each 
system  checking  a Boolean  term  representing  "signal  conditioning 

’ i ’ ' i i , 

equipment  operational".  1 • ..i ; • 1 i — \ L .. | - ... 
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. Individual  'components  of  the  DC-DC  converters,  transducers, 

and  signal  conditioning  equipment  will  not  be  simulated.  Dynamic 
multilevel  parameter  calculations  will  not  be  necessary  since 
. unit  jinput  power  is  not  monitored.  A converter  ON/OFF  Boolean 
■ will  be  used  to  calculate  converter  temperature  since  the  heat 
generated  by  the  converter  is  assumed  to  be  constant  when  the 
converter  is  operational.  The  overall  effect  of  simulation 
; will  be  that  the  unit  is  either  totally  operational  or  completely 
: inoperable.  ; • ; j ; i ! : ! : : : j 
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3.3,6  Guidance,  Navigation,  and  Control 

In  this  section,  the  conceptual  designs  for  the  shuttle  vehicle 
Guidance,  Navigation,  and  Control  (GN&C)  System  are  presented,  except  for  the 
on-board  Guidance  computers,  flight  software,  and  associated  interface  equipment. 
The  simulation  of  the  on-board  computers  and  their  interface  equipment  is 
discussed  in  the  Hardware  Conceptual  Design  document.  The  remainder  of  the 
Guidance,  Navigation,  and  Control  System  comprises  navigation  and  control  sensors 
and  thrust  vector/aerosurface  control  subsystems.  Sensors  discussed  below  are 
the  Inertial  Measurement  Unit,  Star  Tracker,  Horizon  Sensor,  Air  Data  Computer, 
body-mounted  rate  sensors,  and  body-mounted  accelerometers.  Other  control 
subsystems  considered  are  the  Main  Propulsion  System  Thrust  Vector  Control, 
Orbital  Maneuvering  System  Thrust  Vector  Control,  Boost  Solid  Rocket  Motor 
Thrust  Vector  Control,  and  Aerosurface  Control.  The  conceptual  design  of  the 
generalized  target  vehicle  guidance  system  is  also  presented  herein.  All 
functions  performed  by  on-board  computer  flight  software  are  covered  in  the 
Hardware  Conceptual  Design.  Since  coupling  of  GN&C  subsystems  ordinarily  takes 
place  through  the  on-board  computer,  (e.g.,  IMU  and  Star  Tracker  during  platform 
realignment)  they  are  presented  herein  as  essentially  independent  subsystems. 

The  configuration  of  the  GN&C  simulation  is  illustrated  below: 


BODY  ACCELEROMETERS 
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3. 3.6.1 


IMU 


The  IMU  simulation  will  simulate  the  operation  of  each  of  the 
on-board  Inertial  Measurement  Units.  The  operation  of  each  of  the  redundant 
devices  will  be  simulated  independently  and  simultaneously.  It  is  not 
currently  clear  whether  the  shuttle  will  use  gimballed  or  strapdown  IMUs. 

A gimballed  IMU  used  on  the  shuttle  vehicle  would  be  a four-gimbal led, 

"all-atti tude"  device,  possessing  one  redundant  gimbal  to  protect  against 
loss  of  inertial  reference  during  "gimbal  lock".  Inputs  to  a simulation  of 
a gimballed  IMU  will  include  vehicle  body  acceleration  (not  including 
gravity  - from  Translational  EOM) , vehicle  rotational  state  (Rotational 
EOM),  moding  commands,  gimbal  and  gyro  torqueing  commands  (on-board  computers), 
electrical  power  available,  ECS  temperature  control  capacity  available, 
instructor  inputs,  and  crew  station  switch  and  circuit  breaker  status.  ; 

Outputs  from  the  gimballed  IMU  simulation  will  include'  current  gimbal  angle 
resolver  outputs,  platform  accelerometer  outputs,  power  load,  heat  load, 
built-in  test  equipment  outputs,  and  crew  station  outputs  (FDA I , caution  and 
warning,  etc.).  It  is  assumed  that  an  IMU  thermal  control  subsystem  :ex.i sts , 
in  order  to  minimize  temperature-rel ated  biases  to  achieve  acceptable  accuracy. 
If  it  exists,  it  must  be  functionally  simulated.  Heat  added  to  the  IMU  by 
significant  sources  will  be  estimated  as  a function  of  electrical  power  drawn 
by  those  sources Effects  of  surrounding  gas  temperature  will  be  included. 
Heaters,  if  they  exist,  will  also  be  simulated  in  this  fashion.  Heat  ; 

transferred  to  coolant  will  be  calculated  as  a function  of  IMU  temperature, 
coolant  state, and  blower  state.  Thermostatic  control  of  heaters  and  blowers 
will  be  simulated.  Power  loads  due  to  heater  or  blower  operation  will  be 
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provided  to  the  simulated  Electrical  Power  System.  IMU  temperature  will  be 

calculated  from  heat  added  to  the  IMU  and  heat  transferred  to  the  coolant. 

All  IMU  operational  modes  will  be  simulated,  including  modes  in  which  the 

platform  stabilization  loops  are  opened.  When  in  cage  mode,  the  platform 

angles  will  be  returned  to  null  and  maintained  there.  Gimbal  torqueing 

commands  (if  the  capability  exists)  and  power  failure  effects  will  be  simulated, 

and  the  resulting  platform  orientation  with  respect  to  inertial  space  maintained. 

When  the  stabilization  loops  are  closed  (normal  operation),  gyro  drifts  will 

be  calculated  and  propagated  through  the  simulation.  Drift  sources  will 

include  free  bias  and  random  drift,  acceleration  sensitive  (mass  unbalance) 

drift,  and  acceleration-squared  sensitive  (anisoelastic)  drift.  Dependence 

of  drift  properties  upon  gyro  temperatures  will  be  simulated.  Acceleration 

components  in  gyro  input,  spin,  and  output  axes  will  be  obtained  from 

the  accelerometer  simulation  in  platform  axes,  and  be- conditioned  by  a matrix 

representing  gyro  misalignments.  Drift  properties  will  be  supplied  using 

random  numbers,  and  will  exhibit  proper  standard  deviation  and  autocorrelation 

when  appropriate.  The  instructor  will  be  given  the  ability  to  vary  statistical 

properties,  or  override  randomly  varying  parameters  with  constants,  for  each 

gyro.  Carouselling  effects  will  be  included  if  appropriate.  Gyro  displacements 

due  to  gyro  torqueing  will  be  calculated  as  functions  of  command  and  current 

scale  factor  (including  temperature  dependence  and  other  dispersions). 

Previous  spacecraft  training  simulations  have  ignored  the  dynamics  of  IMU 

stabilization  loops.  This  has  been  safe  because,  at  most  attitudes,  stab 

loop  dynamics  were  not  significantly  noticeable  to  the  crew  or  computer  in 

the  three-gimballed  platforms  used.  In  the  situations  wherein  stab  loop 

■ V 

dynamics  become  noticeable  insuch  platforms,  at  very  high  middle  gimbal 


-398-8- 


DATE  3/23/73 

i - THE  SINGER  COMPANY 

SIMULATION  PRODUCTS  DIVISION 

PAGE 

NO. 

3-177 

REV. 

BINGHAMTON,  NEW  YORK 

REP. 

NO. 

angles,  accurate  simulation  has  been  unnecessary.  On  the  Apollo  CSM  IMU,  for 
example,  the  stab  loops  were  opened  at  a middle  gimbal  angle  of  85°.  A 
four-gimballed  IMU  does  not  have  the  same  "gimbal  lock"  problem  as  the  three- 
gimballed  device,  but  the  real-world  stab  loops  do  tend  to  demonstrate  interest- 
ing (and' undesi rabl e)  dynamics  when  the  non-redundant  middle  gimbal  angle  is  at 
or  near  90°,  effects  called  "gimbal  flip."  Incidentally,  with  the  proper  time 
history  of  rates,  it  is  possible  to  obtain  "gimbal  lock"  type  effects  on  a 
four-gimballed  platform,  when,  for  instance,  the  redundant  inner  gimbal  hits 
hard  stops.  It  could  happen.  The  exact  effects  of  "gimbal  flip"  are  dependent 
on  such  parameters  as  amplifier  gains,  motor  torques,  etc.,  and  can  be  ameliorated 
by  judicious  choices  thereof.  Moreover,  it  may  be  possible  during  IMU  design 
to  find  an  axis  (and  stable  member  alignment)  along  which  vehicle  attitude  is 
unlikely  to  remain  .long  in  a 90°  offset  condition,  especially  during  critical 
periods.  Thus,  the  "gimbal  flip"  effects  may  be  fairly  unlikely  to  occur. 

Balanced  against  this  is  the  fact  that  stab  loop  dynamics  are  notoriously  diffi- 
cult to  simulate  in  real-time  due  to  high  loop  gains  and,  during  "gimbal  flip," 

| . t i 1 ’ ; ; ; 

very  fast  changing  trigonometric  cross-coupling  effects.  ' Sampled-data  methods 
can  help,  but  the  problem  is  a sticky  one  nevertheless.  It  is  herein  assumed 
that  by  amplifier  adjustment  and  judicious  axis/alignment  choice,  the  "gimbal 
flip"  problem  can  be  reduced  well  below  the  point  at  which  simulation  thereof 

^ . ■ .i  . 

is  justified  for  training  simulation.  Thus,  stab  loop  dynamics  are  ignored. 

This  conclusion  should  be  reviewed. at  a later,  stage  in  .shuttle  design..  Hence, 
the  transformation  matrix  from  inertial  coordinates  to  the  true  platform 
will  be  calculated  directly  from  the  gyro  drifts,  gyro  torqueing  angles, 
carouselling  (if  any),  and  the  previous  value  of  the  matrix.  Perfect  stab  loops 
are  then  assumed.  The  direction  cosine  matrix  from  rotational  EOM  will  then  be 


used  to  obtain  the  body  to  platform  matrix,  from  which  gimbal  angles  (properly 

. • i i ; i ■ i i ; . | | j i i t : : 


j .1 
1 i I 
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quantized)  and  FDAI  drive  signals  will  be  obtained.  The  platform  mounted 
accelerometers  will  be  simulated  as  operational  when  power  is  available  and 
breakers  are  properly  configured.  Body  accelerations  from  Tranlational  EOM 
will  be  transformed  to  true  platform  coordinates  (including  carouselling,  if 
appropriate).  Accelerometer  errors  modeled  will  include  bias  and  noise,  scale 
factor  error,  misalignment,  and  scale  factor  non-linearity.  Off-nominal  tempera- 
ture effects  will  be  included  as  appropriate.  Correct  statistical  properties 
will  be  exhibited.  Instructor  control  over  the  accelerometer  error  model  will 
be  similar  to  his  control  over  the  gyro  error  model.  Sensed  acceleration  will 
then  be  quantized  for  transfer  to  the  on-board  computer.  If  a non-destruct 


' readout,  or  a destruct  readout  which  nevertheless  carries  over  fractional  parts 

t i 

•of  quanta  is  used,  this  feature  will  be  simulated.  The  conceptual  design  of 
the  simulation  of  each  gimballed  IMU.'.is  sketched  in  Figure  3. 3. 6. 1-1.  . ; . 


-398,8- 


date  3/23/73 


REV. 


- - 

' THE  SINGER  COMPANY 

PAGE 

NO.  3-180 

BINGHAMTON.  NEW  YORK 

REP. 

NO. 

Symbol  Dictionary  for  Figure  3. 3. 6. 1-1 


I MU  acc 

->• 

edrift 
etor  que 

IXLla+ 


1 IMUT  .... 


u acerr. 

ce].,:; 


Shuttle  body  acceleration 

(without  gravity)  

Shuttle  body  acceleration 
in  platform  coordinates  

IMU  actual  sensed  acceleration 
IMU  gyro  drift  _ , 

IMU  gyro  torqueing  angles  1 

True  platform  to  inertial  , 

: 1 

transformation  L _ 

IMU  power  load  ; I ' 

IMU  temperature  control  i 

power  load  j__j  . : . . .i_  .. :. 

IMU  heat  lost  to  coolant  . ' 1 ; 

Shuttle  attitude  direction  cosines 
Platform  to  body  transformation  . 
Accelerometer  error  vector  ■ ' 

Indicated  gimbal  angles  i ! i 

* ( 

Shuttle  angular  velocity  . „.J__ + 


! I i 


i i 

i 1 i 
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A strapdown  IMU  is  a device  using  gyros  and  accelerometers  rigidly  connected  to 
the  vehicle.  The  use  of  redundant  triad  or  dodecahedron  instrumentation  arrays, 
mechanization  of  failure  detection,  and  location  of  data  processing  are  not  clearly 
defined.  A conceptual  design  of  the  sensor  portion  of  the  strapdown  IMU  is 
described  in  the  following  sentences,  with  the  assumption  that  failure  detection 
■ and  measurement  processing  is  handled  by  the  on-board  guidance  computers.  This 
assumption  may  be  invalid..  Inputs  to  the  simulated  strapdown  IMU  will  include 
vehicle  body  acceleration  (not  including  gravity  - from  translational  EOM),  vehicle 
angular  rates  (Rotational  EOM),  electrical  power  available,  ECS  temperature 
control  capacity  available,  instructor  inputs,  and  crew  station  switch  and  circuit 
: breaker  status.  Outputs  from  the  strapdown  IMU  simulation  will  include  current 
: gyro  and  accelerometer  readouts , power  load,  heat  load,  and  crew  station  outputs 
(caution  and  warning,  etc.).  A temperature  control  system  will  be  simulated,  if 
it  exists,  in  a similar  fashion  to  that  described  for'the  gimballed  IMU.  Current 
vehicle  angular  velocity  is  obtained,  and  its  components  in  each  gyro  axis  system 
(input,  spin,  output)  are  found.  All  drift  error  sources  listed  for  gimballed 
platform  gyros  will  be  included,  as  well  .as  rate-dependent  scale  factor  errors 
--  - ; and  rate-squared-dependent  scale  factor  non-linearities.  Temperature  dependence 
I will  be  modelled  as  appropriate.  Statistical  properties  and  instructor  inter- 
vention  will  be  provided  as  described  in  the  gimballed  IMU  conceptual  design. 
Resulting  gyro  outputs,  obtained  from  angular  velocity  in  sensor  axes  and  gyro 
j drift,  will  be  quantized  correctly  for  transmission  to  the  on-board  computers. 


1 Body  accelerations  will  be  rotated  to  accelerometer  coordinates  for  each  device, 

I and  the  accelerometer "error  model  discussed  under  gimballed  IMU 1 s applied, 
i*  Sensed  accelerations  will  be  quantized  correctly  for  the  use  of  the  on-board 
I.  computers..  The  strapdown  IMU  conceptual  design  is  sketched  in  Figure  3. 3. 6. 1.-2, 
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Symbol  Dictionary  for  Figure  3. 3. 6. 1.-2. 

Shuttle  body  acceleration 

qIMUT 

IMU  heat  lost  to  coolant 

(without  gravity 

Macerr 

"Accelerometer  error 

->  . 
abacc 

•Shuttle  body  acceleration  in 

0gyro 

Gyro  output 

accelerometer  coordinates 

->> 

0) 

Shuttle  angular  velocity 

aIMUacc 

Actual  acceleration  sensed  by 

0) 

gyro 

Shuttle  angular  velocity 

_ ; .. 

;accelerometer .. 

j * 

i in  gyro  coordinates 

edrift 

gyro  drift  7 ; 

i ! 1 

i ' 

’ ! ‘ ? i ■ ' ‘ 

4.1  IMU 

IMU  power  load  • s 

: ( _ • 

1 "j- 

•«  j . • ; ' t ; 

•P1IMUT 

IMU  temperature  control  - 

, ; ; 1 i ‘ 

i f ■ ^ ‘j 
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■"power  load  — ; ' ; “7  f 
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' _ : Iteration  rates  of  20  per  second  are  cited  for  the  IMU  simulation. 

| These  rates  correspond  to  the  rotational  EOM  update  rate.  On-board  computer  update 
i rates  could  force  an  alteration  in  IMU  iteration,  or,  alternately,  render  advis- 
L abl e a high  speed,  simplified  approximation  loop  which  would  be  corrected  at  a 
1 lower  frequency  by  the  more-detailed  simulation  outlined  above.  If  time  is  short, 

; the  accelerometer  readout  loop  could  probably  be  iterated  at  a lower  rate,  perhaps 

' 10  per  second.  . — -1 — J-_.~-.-l — -I — i~ — • -4 — - - • 

} ‘*t  1 • ‘ ■ 1 ! ! .•  i * _ 

-f  3 . 3 . 6 . 2 Star  Tracker  ' ' . j f ["*1  [ 7 ' ~ , : i ! ‘ 

V T The  Star  Tracker  simulation  will  simulate  the  operation  of  each  of  the 

i •’  • ’ 

Lshuttle  vehicle  star  trackers.  The  operation  of  each  of  the  redundant  devices 
j ■;  ■ • * ' t : 

■will  be  simulated  independently  and  simultaneously.  Detailed  design  data  is  not 

abundant  on  the  device  to  be  used,  so  a number  of  assumptions  have  been  made  below. 

Inputs  to  the  star  tracker  simulation  will  include  star  tracker  moding  commands 
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(on-board  computer),  shuttle  body  attitude  (rotational  EOM),  celestial  body 
positions  (ephemeris),  vehicle  inertial  position  (translational  EOM),  power 
available  (EPS),  and  crew  station  switch/circuit  breaker  settings.  Outputs  will 
include  azimuth  and  elevation  of  star  or  beacon  being  tracked,  device  power  load, 
built-in  test  equipment  outputs,  and  crew  station  outputs  (caution  and  warning, 
etc.).  It  is  assumed  that  the  star  tracker  possesses  two  basic  operational 
’ modes,  search  and  track.  In  search  mode,  the  brightest  light  source  within  a 
• small  portion  of  the  device  field  of  view  centered  about  a point  commanded  by 
r the  on-board  computer  will  be  acquired.  If  no  light  source  of  sufficient  magrn- 
: tude  exists  in  that  region,  the  entire  field  of  view  will  be  scanned  and  the 
“brightest  object  acquired.  Upon  acquisition,  the  star  tracker  switches  to  track- 
ing mode,  and  tracks  the  acquired  light  source,  within  a very  small  portion  of 
the  field  of  view.  It  is  also  assumed  that  the  computer  can  place  the  device  in 
j an  inactive  mode.  When  a tracker  is  active,  the  transformation  between  tracker 
, boresight  coordinates  and  the  inertial  reference  coordinate  system  is  calculated. 

Positions  of  earth,  sun,  and  moon  are  found, in  the  sensor  coordinate  system.  It 
'is  assumed  that  the  presence  of  the  sun,  illuminated  moon,  or  illuminated  earth 
in  or  near  the  tracker  search  or  track  field  of  view  will  cause Jnterference'  lt 
is  further  assumed  the  tracker  can  detect  this  interference  and  will  send  an  error 
discrete  when  it  occurs.  When  the  entire  field  of  view  is  occulted  by  a darkened 
; earth,  it  is  assumed  that  the  tracker  will  revert  to  and  remain  in  search  mode. 

If  the  tracker  demonstrates  different  behavior. in  those. situations ,. it  will  be 
: approximately  simulated  instead.  It  should  be  noted  that  the  proposed  on-board 
""[""computer  software  has[ logic  which  will  prevent  any  of  these  error  conditions 


from  occurring  except  in  extreme  IMU  or  computer  malfunction  cases.  Thus,  precise 
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simulation  thereof  should  not  be  necessary.  The  tracker  should  not  work 
normally  in  case  of  such  severe  malfunction,  however,  so  the  condition  must  be 
detected  and  its  effects  approximated.  In  search  mode,  a table  of  star  posi- 
tions and  magnitudes  will  be  used  to  determine  which  stars  are  within  the  field 
of  view.  ’ Planets  in  the  field  of  view  will  be  determined  using  ephemeris  data. 
Visible  target  vehicle  tracker  beacons  within  the  field  of  view  will  be  noted, 
using  relative  position  information  obtained  from  shuttle  vehicle  and  target 
vehicle  translational  EOM.  Target  vehicle  tracker  beacons  will  be  activated  by 
reset  terms  or  instructor  input.  The  brightest  object  within  the  applicable 
portion  of  the  field  of  view  will  then  be  selected.  Provision  will  be  made  to 
avoid  selecting  an  occulted  object.  Brightness  of  stars  and  planets  will  be 
obtained  from  reset  constants,  while  target  vehicle  beacon  brightness  will  be 
calculated  as  a functionof  range.  “If  no  object  of  sufficient  brightness  is 
found  within  the  restricted  search  portion  of  the  field  of  view,  a search  of  the 
entire  field  of  view  will  be. similarly  simulated.  When  (and  if)  a light  source 
is  acquired,  track  mode  will  be  entered.  If  necessary,  entry  into  track  mode  will 
be  delayed  to  simulate  finite  device  search  scan  time  (estimated  at  1 second  for 
...a. search  of  the  total  field  of  .view).  While  the  device  remains  in  track  mode, 
the  light  source  will  be  tracked  until  it  leaves  the  star  tracker  field  of  view, 
becomes  occulted,  or  enters  the  interference  region  of  sun,  moon,  or  illuminated 
earth.  If,  while  tracking  a target  vehicle  beacon,  another  celestial  object  . 

; ; • i I * ' ' : ' 

“which  is  a more  brilliant  light  source  enters  the  approximate  tracking  view  ' 
field,  the  star  tracker  will  instead  continue  to  track  the  celestial  body.  If 
the  tracked  object  is  still  being  tracked,  its  azimuth  and  elevation  angle  are 

* ' i **  , . ’ 1 . ; 

i * - 

calculated.  Stellar  positions  used  for  these  calculations  will  include  the 
effect  of  abberation.  „ ’ , 1 • i ; ^ f j i • ; ! 
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The  position  will  be  obtained  in  boresight  coordinates,  from  which  azimuth 
and  elevation  will  be  calculated,  including  the  effects  of  sensor  misalignment, 
tracker  noise  error  as  a function  of  apparent  magnitude,  and  scale  factor  error. 
Instructor  control  over  statistical  properties  in  the  error  model  will  be 
provided.  Output  values  will  be  quantized  as  appropriate.  Since  the  on-board 
computer  contains  calculations  to  ensure  that  no  star  is  tracked  whose  apparent 
' direction  is  that  of  the  earth,  refraction  due  to  earth  atmospheric  effects  is 
.not  a problem  in  nominal  or  near-nominal  operation.  It  could  be  significant  in 
severe  malfunction  cases,  however. ■ Thus , a simple  refraction  model  will  be  used 
on  directions  of  stars  whose  light  passes  through  a significant  level  of  the 

earth  atmosphere,  in  order  to  assure  the  existence  of  some  dispersion  in  this 

case.  There  is  currently  no  data  available  on  influence  of  temperature  upon 
i device  dispersions  or  the  existence  of  a device  temperature  control  subsystem. 

: Thus,  such  effects  have  been  omitted..  This  may  have  to  be  altered  as  further  . 

; i * ; : . , 

data  becomes  available.  It  appears  that  the  on-board  computer  may  interrogate 
: the  star  tracker  angles  at  any  time.  Presumably,  during  star  tracker  use,  body 
rates  would  be  small— on  the  order.of  a 0.1  degree/second.  Hence,  in  50  mi  11  i - ; 

seconds , motion  of  36  arc-seconds  could  occur.  Anticipated  star  tracker  resolu- 

; tion  is  30  arc-seconds.  As  the  I MU  is  updated  each  50  milliseconds,  it  appears 
that,  to  obtain  reasonable  realignment  measurement  simulation,  the  star  tracker 
-i;  angles  must  be  updated  at  the  same  rate.  If  time  is  critical,  sufficient 

accuracy  could  probably  be  obtained  by  extrapolation  by  integrating  using  body  ; 
rates  directly,  and  updating  at  slower  intervals  with  the  full  program.  At  . 

““  this  time,  however,  a- 50  millisecond  update  time  is  used.  The  conceptual  design 
|*for  a star  tracker  is  sketched  in  Figure  3.3. 6. 2.-1 . ; j i j , 
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Symbol  Dictionary  for  Figure  3.3.6. 2-1. 


brite 


Planets 


Utrck' 


Shuttle  altitude 

Inertial  to  sensor  coordinate 

transformation 


Star  tracker  power  load  _ ; 

Shuttle  vehicle  position  vector 
Target  vehicle  position  vector 
Direction  of  brightest  object 

Earth  direction,  sensor  "i  ~ 

coordinates  j i j j 

Moon  direction,  inertial 

coordinates  **  : ‘ r 1 " , 

Moon  position,  sensor  coordinates 
Planetary  positions,  inertial 


coordinates  ‘ " r 

Sun  direction,  inertial 
coordinates  ; 

Center  of  search  area 
Sun  direction,  inertial 
coordinates  : 


position  of  object  being  tracked, 

i 

sensor  coordinates  : : ; 


Aberration  parameter  ' . j j.. 

* . ; | ; 

Shuttle  vehicle  attitude  direction  cosines 


.3 * i 
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3. 3. 6. 3 Horizon  Sensor 


The  horizon  sensor  simulation  will  simulate  the  operation  of  each  of 
the  on-board  horizon  sensors.  The  operation  of  each  of  the  redundant  devices 
will  be  simulated  independently  and  simultaneously.  Detailed  design  data  is 
not  abundant  on  the  device  to  be  used,  so  a number  of  assumptions  have  been  made 
below.  Inputs  to  the  horizon  sensor  simulation  will  include  vehicle  position 
(translational  EOM),  solar  position  (ephemeris),  vehicle  attitude  (rotational  EOM), 
power  available,  and  crew  station  switches  and  breaker  settings.  Outputs  will 
include  the  angular  reading  from  each  sensor  head,  subsystem  power  load,  built-in 
test  equipment  outputs,  and  crew  station  outputs  (caution  and  warning,  etc,).  It 
is  assumed  that  each  sensor  head  possesses  one  degree  of  rotational  freedom,  and 
that  its  angular  output  is  equal  to  the  displacement  of  the  sensed  horizon  from 
a null  point  within  that  rotational  plane.  Or,  more  specifically,  if  § is  the 
angular  output,  and  Uhoriz  is  the  appropriate  unit  vector  (i.e.,  the  vector 
within  the  sensor's  field  of  view)  which  is  within  the  plane  whose  normal  is  the 
sensor  head's  rotational  axis,  and  is  tangent  to  the  curve  formed  by  the  inter- 
section  of  that  plane  and  the  earth  "horizon  surface,"  and  U ^ is  the  unit 
vector  representing  the  sensor  head's  null  point,  ; ; i j ; 


1 cos  (Uhor1r.  UnU„) 


i i ; ! * 

* *T  -! j ~ : r r - 


Providing  that  power  is  available  and  crew  station  switches  and  breakers  are 
properly  configured,  the  geometry  of  the  earth-vehicle-sensor  head  system  will  be 
.solved  to  obtain  the  vector  U^Qr^z  described  above.  Geometrically,  there  will, 
in  general,  be  two  such  vectors,  only  one  of  which  is  within  the  sensor  field  of 
view.  That  vector  within  the  field  of  view  will  be  the  one  hereafter  used.  . 
Ordinarily,  the  sensors  will  be  used  only  when  in,  approximately,  a local  
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horizontal  vehicle  attitude.  If  the  attitude  is  very  far  removed  from  local 
horizontal  (and,  for  shuttle  low  altitude  orbits,  only  in  that  case),  there 
may  be  zero,  or  even  two  horizon  crossings  within  the  field  of  view.  Horizon 
sensor  response  to  this  situation  is  assumed  to  consist  of  the  issuance  of  an 
error  discrete,  and  will  be  simulated.  The  horizon  detected  by  the  sensor 
head  will  probably  not  be  the  "visual"  horizon,  but  rather  an  infrared  horizon. 

The  true  horizon  will  be  simulated  using  the  Fischer  ellipsoid  for  the  earth 
. surface  model,  and  a constant  altitude  increment  plus  models  of  altitude  variation 
as  a function  of  latitude  and  month  for  the  infrared  horizon.  The  horizon  sensor 
head  angular  output  will  be  obtained  from  the  position  of  the  true  horizon  sensed, 
with  the  inclusion  of  the  effects  of  sensor  misalignment,  drift,  and  a random 
noise  variation  accounting  for  signal  to  noise  effects.  Instructor  control  over 
statistical  properties  in  the  error  model  will  be  provided.  Output  values  will 
be  quantized  as  appropriate.  Temperature  dependent  effects  will  be  simulated  as 
applicable.  The  assumed  capability  of  the  horizon  sensor  to  sense  solar  presence 
and  inhibit  outputs  will  be  simulated.  Device  control  loop  lags  will  be  simulated 
if  significant.  Program  update  rate  will  be  dependent  upon  device  response  speed 
' and  on-board  computer  update  rate.  It  appears  from  rather  uncertain  data  that 
device  response  may  be  relatively  slow,  so  an  update  rate  of  twice  per  second  is 

ft 

- used.  Additional  design  data,  as  it  becomes  available,  may  require  a change. 

The  conceptual  design  for  the  simulation  of  a horizon  sensor  head  is  sketched  in 
■ Figure  3. 3.6. 3.-1.  r I ■ ; i ; ! i ! 1 ‘ ! 
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Symbol  Dictionary  for  Figure  3. 3.6.  3.-1 


P-jhs  horizon  sensor  power  load 

r shuttle  vehicle  position  . 

15.  • unit  vector  in  sensible 

or  2 horizon  direction  (sensor 

viewing  plane) 

U,  solar  position  in  sensor 

nsn  coordinates  ~ 

t)  solar  position  in  inertial 

5 coordinates 

[y]  shuttle  vehicle  attitude 

direction  cosines 

§ horizon  sensor  angular 

- output 
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3 .3. 6. 4 Air  Data  Computer 

The  shuttle  orbiter  air  data  computer  will  be  simulated  throughout 
its  useful  altitude  range.  Inputs  to  the  simulated  Air  Data  Computer  will  include 
pressure  altitude,  static  atmospheric  pressure,  dynamic  pressure,  and  outside  air 
temperature  (shuttle  aerodynamics),  crew  station  switch  and  breaker  settings, 
pilot  barometric  correction,  power  available,  and  instructor  inputs  (malfunctions, 
etc.).  Outputs  will  include  parameters  output  from  the  real-world  device  to  the 
on-board  computers  and  crew  displays  (pressure  altitude,  baro-corrected  altitude, 
altitude  rate,  computer  air  speed,  true  air  speed,  mach  number,  total  temperature, 
static  temperature,  and  built-in  test  indicator  outputs),  and  power  load.  It  is 
assumed  that  certain  hold  functions  of  the  DC-10  air  data  computer,  which  is 
assumed  to’ typify  the  shuttle  air  data  computer,  will  not  be  used,  and  need  not 
be  simulated.  It  is  assumed  that  all  control  functions  are  performed  by  the 
on-board  guidance  computers.  As  it  is  not  currently  clear  exactly  what  the  air 
data  is  used  for  in  the  current  shuttle  configuration,  it  is  hard  to  tell  how 
painstakingly  it  must  be  calculated.  It  will  apparently  be  used  for  SAS  gain 
-scheduling  and  crew  displays.  If  there  are  no  other  uses,  a detailed  dispersion 
model  is  probably  unnecessary,  especially  for  temperatures.  Requirements  for 

Q 

simulation  of  digital  filters  are  also  questionable  in  this  case.  It  will  be 
assumed  herein  that  filtering  effects  are  not  significant.  If  required,  filters 
will  be  adjusted,  if  necessary,  to  compensate  for  a change  in  iteration  rate. 
Pressure  inputs  (static  and  total)  will  be  found  from  the  inputs  from  shuttle 
aerodynamics.  Noise  can  be  added,  but  is  probably  unnecessary.  Outputs  which 

«r, 

are  a function  of  the  pressure  terms  will  then  be  calculated  with  the  same  equa- 

< ■ * • 

tions  as  those  used  in  the  real-world  device  (pressure-altitude,  baro-corrected 
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altitude,  altitude  rate,  mach,  computed  air-speed).  Temperature  dependent 
parameters  will  be  calculated  directly  from  the  temperature  datum  from  shuttle 
aerodynamics,  as  well  as  previously  calculated  air  data  parameters,  by  methods 
analogous  to  the  equations  used  by  the  real-world  device  for  an  input  of  sensed 
total  air  temperature.  As  the  fidelity  of  simulation  described  above  rests 
wholly  on  an  assortment  of  assumptions,  further  data  when  it  becomes  available 
may  require  more  detail,  or  permit  further  simplification.  The  DC-10  air-data 
computer  updates  some  terms  at  a rate  of  16  per  second  (pressure-altitude, 
baro-corrected  altitude,  altitude  rate),  the  remaining  pressure  dependent  terms 
-at  8 per  second,  and  the  temperature  dependent  terms  twice  per  second.  Most 
filters  operate  at  a 16  per  second  rate.  A 20  per  second  update  rate  is  used 
herein  for  the  simulated  air  data  computer.  However,  if  the  data  is  used  only 
for  the  purposes  cited  herein,  and  with  the  assumed  accuracy,  it  would  appear  that 
. a 10  per  second  update  rate  may  well  be  sufficient.  The  conceptual  design  for 
the  simulation  of  an  air-data  computer  is  sketched  in  Figure  3. 3. 6. 4.-1. 
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^gpilot 


Pilot-set  barometric  correction 
Pressure  altitude 
Baro-corrected  indicated  altitude 
Indicated  pressure  altitude 
Indicated  altitude  rate 
Indicated  mach  number 
Ambient  atmospheric  pressure 
Power  load  due  to  air-data  computer 
Total  sensed  pressure  on  vehicle 

Dynamic  pressure  ■ - - 

Static  air  temperature 

Indicated  static  air  temperature 

Indicated  total  air  temperature 

Computed  air  speed 

Indicated  true  air  speed  .1.,  L 
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3. 3. 6. 5 Rate  Sensors  - : 

The  rate  sensor  simulation  will  simulate  the  operation  of  each  of  the 
; vehicle  rate  gyros  (excepting  gyros  which  comprise  a part  of  the  primary 

IMU's)  which  form  a part  of  the  shuttle  orbiter.  Each  rate  sensor's 
operation  will  be  simulated  independently  and  simultaneously  in  simulated 
real-time.  It  is  assumed  that,  in  the  latest  known  shuttle  real-world 
GN&C  configuration,  these  rate  sensors  serve  only  to  provide  rate  feed- 
back  in  the  vehicle  control  loop,  similar  to  the  Saturn  body-mounted  rate 
- gyros.  Thus,  even  3a  drifts,  scale  factor  errors,  etc.,  are  unlikely  to 

have  any  significant  effect  on  vehicle  dynamics,  since  resulting  false 

rates  will  be  tiny  compared  with  vehicle  rates,  and  will  not  propagate 
: in  navigation.  If  these  gyros  are  instead  (or  in  addition)  used  in  a 

backup  strapdown  navigation  system,  the  comments  pertaining  to  error 

models,  etc.,  for  gyros  used  in  strapdown  IMU's  (section  3. 3. 6.1)  will 

; . * : \ 

••  - : apply  here  as  well . - - - - >-  - - - ---  * - - • • • • • - '* 

Inputs  to  the  rate  gyro  simulation  will  include  vehicle  angular  velocity, 

crew  station  switch  and  breaker  configuration,  power  availability,  and 
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-•  — instructor  inputs.  Outputs  from  each  simulated  rate  gyro  will  include  • 

■ sensed  angular  velocity,  power  load,  and  thermal  output.  The  component 
of  angular  velocity  (from  the  rotational  equations  of  motion)  along  the 
- ...  gyro  axis  will  be  calculated.  This  value  will,  after  quantization  and. 

’ any  other  required  output  processing,  be  used  as  the  device  output,  pro- 
: viding  switches  and  breakers  are  properly  configured  and  power  is  avail- 
- • able.  Since  the  equations  of  motion  are  updated  once  each  50  milliseconds, 

; I 

■'  a similar  update  rate  is  specified  for  the  body-mounted  rate  gyros.  This 
interval  can  be  increased  if  digital  control  system  update  is  slower,  and 

.....  . • M y?  * ~ ~ 

may  have  to  be  decreased  if  it  is  faster.  The  conceptual  design  of  the 

- simulation  of  a rate  sensor  is  sketched  in  Figure  3. 3. 6. 5.-1.  ! 
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Symbol  Dictionary  for  Figure  3. 3. 6. 5.-1 


rate  gyro  power  load 
rate  gyro  heat  generated 


shuttle  angular  velocity 


w " ' body  rate  sensed  by  rate 
r^...  gyro 


3. 3. 6. 6 Body  Accelerometers 


• The  body-mounted  accelerometers  simulation  will  simulate  the  operation 
of  each  of  the  body-mounted  accelerometers  (excepting  those  accelero- 

. meters  which  comprise  a part  of  primary  Strapdown  IMU's)  which  form  a 
part  of  the  shuttle  orbiter.  The  operation  of  each  body-mounted  accelero- 
meter will  be  simulated  independently  and  simultaneously  in  simulated 
real-time.  It  is  assumed  that,  in  the  latest  shuttle  real-world  GN&C 

* configuration,  these  accelerometers  serve  only  to  provide  load  relief 
inputs  in  the  vehicle  control  loop,  in  a similar  fashion  to  the  Saturn  IB 

. body-mounted  accelerometers,  " Thus  , -'even '3a  biases,  scale,  factor  errors, 

A etc.,  will  probably  be  sufficiently  small  as  to  have  no  noticeable  effect 
on  vehicle  control,  and  will  not  affect  vehicle  navigation.  If  these 
: accelerometers  are  instead  (or  in  addition)  used  in  a backup  strapdown. 
navigation  system,  the  comments  pertaining  to  error  models,  etc.,  for 
accelerometers  used  in  Strapdown  IMU's  (section  3. 3. 6.1)  will  apply  here 
i as  well.  Inputs  to  the  accelerometer  simulation  will  include  body  accelera- 
tions, crew  station  switch  and  circuit  breaker  configuration,  power  avail- 
: able,  and  instructor  inputs.  Outputs  from  each  simulated  body-mounted 
' accelerometer  wi 11  include  sensed  acceleration,  power  load,  and  thermal 
output.  The  component, of  body  acceleration  (from  translational  equations 
i of  motion)  along  the  accelerometer  axis  will  be  calculated.  If  the  device 
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is  located  sufficiently  far  from  the  vehicle  mass  center  for  signifi- 
cant accelerations  to  result  from  vehicle  angular  rates  or  accelerations, 
these  accelerations  will  also  be  included.  (This  would  require  vehicle 
c.g.  position,  angular  rate,  and  angular  acceleration  to  be  added  as 
input  parameters.)  The  resulting  output  value  will,  after  quantization 
and  any  other  required  output  processing,  be  used  as  the  device  output, 
providing  switches  and  breakers  are  properly  configured  and  power  is 
available.  Since  the  equations  of  motion  are  updated  each  50  milliseconds, 
a similar  update  rate  is  specified  for  the  simulated  accelerometers. 

This  interval  can  be  increased  if  digital  control  system  update  is  slower, 

t 

and  may  have  to  be  decreased  if  it  is  faster.  The  conceptual  design  of 
the  simulation  for  a body-mounted  accelerometer  is  sketched  in  Figure 
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Symbol  Dictionary  for  Figure  3. 3. 6. 6.-1 


shuttle  body  acceleration 

. qba 

heat  generated  by  body- 
mounted  accelerometer 

a. 

acceleration  sensed  by  body- 

shuttle  angular  velocity 

ba 

mounted  accelerometer 

O) 

plba 

body-mounted  accelerometer 
. power  load  •-  ■ - 

4- 

to 

shuttle  angular 
acceleration 

3. 3. 6. 7 MPS  Thrust  Vector  Control  l _:  ; I ......  . { .. 

.... ; The  Thrust  Vector  Control  system  for  each  of  the  three  shuttle  Main  Pro- 

T'  pulsion  System  engines  will  be  simulated.  Each  of  the  three  MPS  engines 
TVC  systems  will  be  simulated  simultaneously  and  i ndependnetly , during 

i 

. L..the  times  at  which  the  MPS  TVC  system  is  in  operation.  Inputs  to  the  TVC 

i 

simulation  include  TVC  drive  signals  through  each  of  the  input  channels 
(from  the  on-board  computers),  main  engine  thrust  (from  the  simulated  MPS), 
..L... 'electrical  power  available,  hydraulic  power  factors  for  each  hydraulic 
..  . ...  system,  crew  station  switch  and  breaker  configuration,  and  instructor 
: i inputs.  Outputs  from  the  TVC  simulation  will  include  gimbal  positions, 

L engine  force  vectors  (shuttle  body  coordinates),  electrical  power  load, 

i"  hydraulic  flows,  and  status  outputs.  The  MPS  TVC  will  exhibit  consider- 
: able  redundancy,  with  multiple  command  signal  input  channels  for  each 

-i- - L actuator,  multiple  hydraulic  pressure  sources  for  each  actuator,  and 
■ T multiple  actuators  for  each  gimbal  motion  direction.  Failed  channels  are 
! I disconnected  in  the  case  of  single  channel  failure.  Actuators  are 

mechanized  to  drive  to  null  upon  certain  multiple  failures  (e.g.,  loss  of 
' two  of  the  four  APU-driven  hydraulic  systems).  The  operation  of  the 
! actuator  redundancy  management  systems  will  be  simulated  and  will  respond 
properly  to  failures.  * Failure  discretes,  hydraulic  pressure  monitor 
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outputs,  etc.,  generated  by  the  TVC  drivers  and  monitors  will  be 


simulated  and  output  from  the  TVC  simulation.  Actuator  dynamics  in 
each  gimbal  degree  of  freedom  will  be  simulated  as  a function  of  input 
commands,  failure  detection  status,  hydrualic  power  factors  in  each 
hydraulic  system,  and  malfunctions.  Other  effects,  such  as  engine  bell 
damping,  will  be  simulated  if  significant.  Gimbal  rate  and  position 

— limits,  and  other  limits  internal  to  the  TVC,  will  be  simulated.  After 
gimbal  positions  are  calculated,  each  engine's  thrust  magnitude  will  be 

resolved  through  the  calculated  gimbal  angles  to  obtain  the  engine  force 

» * ! 

vector.  CMS  SPS  TVC  was  iterated  at  a 50  millisecond  rate  to  approxi- 
mate proper  engine  response.  While  further  study  when  data  becomes 
available  may  indicate  that  it  is  possible  by  use  of  sampled-data  techniques 
to  lower  this  rate,  a similar  rate  is  currently  specified  for  shuttle  to 

'assure  accurate  closed-loop  response.  The  conceptual  design  for  the 

: \ t 

simulation  of  the  TVC  system  for  a main  engine  is  sketched  in  Figure 

7 ■ r ; i : .1  • ; i : ; . 

— 3. 3. 6. 7.-1.  -f--1 : <---1 r i— 7 7~ : 

I I i • I . : i ' I I ! , . ’ . ; . 1 
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(1)  Pitch  Actuator  Dynamics  • . ^ ^aw  Actuator  Dynamics  • 
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FIGURE  3. 3. 6. 7 
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Symbol  Dictionary  For  Figure  3.3.6. 7.-1 

' 

F 

.......  engi  ne 

engine  force  vector  in  shuttle  body  coordinates 

hLpgim 

pitch  gimbal  actuator  hydraulic  load 

* ' 

K # 

Lygim 

yaw  gimbal  actuator  hydraulic  load 

p 

1 pgim 

pitch  gimbal  actuator  power  load 

. 

• p 

lygini 

- yaw  gimbal  actuator  power  load  - • - - '~i  ■ • 

. • 1 

... . . Tpengi  ne 

engine  thrust ;.  

; 9 . 

pgirn 

engine  pitch  gimbal  angle.  , 

•f 

i 

0 . 
ygim 

engine  yaw  gimbal  angle 

3. 3. 6. 8 QMS  Thrust  Vector  Control  ' . ..  ‘ i 

The  Thrust  Vector  Control  system  for  each  of  the  two  Orbital  Maneuvering 
system  engines  will  be  simulated.  Each  of  the  two  QMS  engines'  TV C .systems 

will  be. simulated  simultaneously  and  independently,  during  the  times  at 

......  . which  the  QMS  TVC  system  is  in  operation.  Inputs  to  the  TVC  simulation 

include  TVC  drive  signals  (from  on-board  computers),  QMS  engine  thrust 
(from  simulated  QMS),  electrical  power  avail  able, ..crew  station  switch  and 
breaker  configuration,  and  instructor  inputs.  TVC  simulation  outputs  will 
; include  gimbal  positions,  engine  force  vectors  (shuttle  body  coordinates), 

! ; electrical  power  loads,  and  status  outputs.  It  appears  that  the  QMS  TVC 

- • is  an  electrical-mechanical  system,  with  no  hydraulic  components,  somewhat 

similar  to  the  Apollo  SPS  TVC,  The  actuator  dynamics  of  the  Apollo  system 
are  significant,  especially  in  malfunction  cases.  Thus,  lags,  overshoots,. 

■ finite  rise  times,  etc.,  of  the  actuators  will^be  simulated.  There  appears 

' : to  be  considerable  redundancy 'in  the  system,  with  multiple  command  signal 

, ■ ’ i «-  , . ’ ; ■ j 

i...  | 

: * • ' * P 
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input  channels.  Operation  of  system  redundancy  management  will  be 
simulated,  and  any  resulting  failure  discretes  will  be  generated. 

Actuator  outputs  in  each  gimbal  degree  of  freedom  will  be  simulated  as 
a .function  of  input  commands,  filure  detection  status  and  malfunctions. 
Gimbal  rate  and  position  limits,  and  other  limits  internal  to  the  TVC, 

will  be  simulated.  Effects  such  as  engine  bell  damping  will  be  simulated 

-i if  significant.  After  gimbal  positions  are  calculated,  each  engine's 

' thrust  magnitude  will  be  resolved  through  the  calculated  gimbal  angles 
to  obtain  the  engine  force  vector.  CMS  SPS  TVC  was  iterated  at  a 20  per 
■ “i  ‘ : second  rate  to  approximate  proper  engine  response.  Further  study  when 

.1  data  becomes  available  may  indicate  that  it  is  possible  by  use  of 

; sampl ed-data  techniques  to  lower  this  rate.  However,  a 50  millisecond 

! i . • 

- --  - Update  rate  is  currently  specified  for  shuttle  to  assure  accurate 


.......  . • • * • .*  *' 

closed-loop  control  response.  The  conceptual  design  for  the  simulation 

of  the  TVC  system  for  an  0MS  engine  is  sketched  in  Figure  3. 3. 6. 8.-1.  ■ 
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Symbol  Dictionary  for  Figure  3. 3. 6. 8.-1 


_j_F 


engine 


lpgim 

) 

lygim 


Fengine 


e 


pgim 


ygim 


engine  force  vector  in  shuttle  body  coordinates 

pitch  girnbal  actuator  power  load 

-•--yaw  girnbal  actuator  power  load  - , 

' engine  thrust  I. 

-"Tengine  pitch  girnbal  angle 
1 engine  yaw  girnbal  angle 


3. 3.6.9- 


i i 

j X. 


Boost  SRM  Thrust  Vector  Control 

The  thrust  vector  control  system  for  each  of  the  two  solid  rocket  booster 
engines  will  be  simulated  simultaneously  and  independently  during  the 
times  at  which  the  Boost  SRM's  are  in  operation.  The  method  to  be  used 
Tor  controlling  the  SRM  thrust  vectors  is  not  currently  known.  For 
purposes  of  computer  sizing,  it  will  be  assumed  that  the  SRM  TVC  Simula- 
tion problem  is  similar  to  that  for  MPS  TVC,  even  though  it  is  not 
known  if  SRM  engines  will  be  girnbal led,  or  what  the  power  source  to  be 

i . , 

used  will  be.  Inputs  to  the  simulation  will  include  TVC  commands  arid 
SRM  thrust,  and  outputs  will  include  the  force  vector  from  each  SRM. 

■ ■ ' • ‘ ■■ * V ' • : r 

Aerosurface  Control  . — ; — • ~ ~i — ' — i — — — -4 — ; — •- — - - — | — : - 

The  aerosurface  control  subsystem  for  each  elevon,  and  the  vertical 

, i » ; : 

stabilizer  (rudder/speed  brake)  will  be  simulated.  Each  of  the  aero- 
.surface  control  subsystems  will  be  simulated  simultaneously  and  independ- 
ently when  in  operation.  Inputs  to  the  aerosurface  control  system  include 
aerosurface  setting  commands  through  each  of  the  input  channels  for 


:-elevon,  rudder,  and  speed  brake  (from  on-board  computer),  electrical 


• . . i 

l ! 


i . 
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power  available  (from  Electrical  Power  Subsystem) , -hydraul ic  power 
factors  for  each  hydraulic  system  (from  Hydraulic  Subsystem),  crew 
station  switch  and  breaker  configuration,  and  instructor  inputs. 

Outputs  from  the  aerosurface  control  system  will  include  elevon  and 
differential  elevon  settings,  rudder  setting,  speed  brake  setting, 
electrical  power  load,  hydraulic  flows,  and  status  outputs.  Aerosur- 
face control  will  exhibit  considerable  redundancy,  with  multiple  command 
signal  input  channels  for  the  primary  control  servos,  multiple  hydraulic 
pressure  sources  for  each  surface  hydraulic  actuator,  and  multiple 

i ‘ t 

• - ! - • actuators  for  each  surface.  Failed  channels  are  disconnected  in  the 

case  of  single  channel  failure.  Operation  of  the  failure  detection  and 
j redundancy  management  provisions  will  be  similated  and  will  respond 

properly  to  failures.  Failure  discretes,  hydraulic  pressure  monitor 
j'":'  : outputs,  etc.,  generated  by  the  aerosurface  control  subsystem,  will  be 

I , simulated  and  output  from  the  simulation.  The  summing  of  rudder  arid 

» r | ! t 

: — ;•  - — -speed  brake  commands  to  obtain  commands  for  the  split  vertical  stabilizer 

r~r - surface  will  be  simulated  to  obtain  the  appropriate  surface  hydraulic 

; ' 1 ; actuator  inputs.  Actuator  dynamics  for  each  surface  will  be  simulated 

as  a function  of  input  commands,  failure  detection  status,  hydraulic 

j \ . , : . . . 

'”‘.j  ‘ power  factors  in  each  hydraulic  system,  and  malfunctions.  Other  effects, 

i t such  as  hinge-moments,  will  be  simulated  if  significant.  Rate  and  

...  r.~t  - , - I ‘ 

— f-  '--  position  limits  of  the  aerosurface,  as  well  as  other  limits  internal  to  : 
the  subsystem,  will  be  simulated.  Previous  Singer  experience  in  simula- 
j i : : tion  of  high  L/D  re-entry  vehicles  has  indicated  that  an  update  rate 

j,  ■ i -of  the  order  of  50  milliseconds  for  aerosurface  simulation  is  required  to 
"!  ; ! maintain  proper  vehicle  response.  The  conceptual  design  for  the  Simula- 

‘ T C ““  • ...  - j 

!_  : tion  of  the  aerosurface  control  subsystem  is  sketched  in  Figure  3. 3. 6. 10. -1. 


) i : i : ' | ' ; . J ‘ ' P> 


(1)  :Elevon  Dynamics 
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; • Symbol  Dictionary  for  Figure  3. 3. 6. 10.-1 

h.  , elevon  actuators'  hydraulic  load 

Lelev  .... 

-•  ^Lrud  rudder  actuators'  hydraulic  load  ■ "_ 

: P-|e-|ev  elevon  electrical  power  load 

P^rud  rudder  electrical  power  load 

--.-6 — ailevon  (differential  elevon)  deflection  ' 
x ■ elevon  deflection 

°e  . . . : ...i...  : 


: I • t 

1 6‘  rudder  deflection  . ■ • 

r ■ 
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3.3.6.11  Target  Vehicle  Guidance  and  Control 

A functional  target  vehicle  guidance  system  will  be  simulated  for 
target  vehicles.  The  guidance  system  will  consist  of  a major  loop  which  performs 
burn  targetting  and  runs  in  interruptible  time , and  a minor  loop  which  feeds 
attitude  commands  to  the  generalized  target  vehicle  control  system,  and  firing 
commands  to  the  generalized  target  vehicle  propulsion  system.  A reset  boolean 
will  be  provided  to  bypass  generalized  target  vehicle  guidance  entirely,  and 

another  provided  to  bypass  the  major  loop  only,  for  use  in  the  case  that  more 

detailed  guidance  schemes  for  particular  vehicles  are  added  following  simulator 
delivery.  The  minor  loop  guidance  system  will  accept  thrusting  and  attitude 
commands  from  either 

j.  ' . instructor  input  • . 

I • ' 

command  from  shuttle  vehicle 
' , guidance  major  loop/prestored  commands 

in  that  order  of  priority.  Instructor  input  may  take  the  form  of  direct  command, 

or  initiation  of  prestored  commands,,  Shuttle  vehicle  commands  will  be 

honored  only  when  a reset  boolean  is  set  indicating  that  this  target  vehicle 
possesses  the  capability  to  accept  commands  from  the  shuttle  vehicle.  Prestored 
commands  may  be  used  either  in  place  of  the  major  loop  burn  targetting,  or  merely 
to  specify  attitude  following  the  final  burn.  Prestored  commands  will  be  stored 
as  functions  of  time.  Attidue  commands  (instructor/shuttle  vehicle  originating/ 
prestored)  may  be  given  in  terms  of  either  inertial  Euler  angles  or  local 
horizontal  angles,  or  inertial  hold  of  a local  horizontal  orientation  at  the 
initial  point  in  time.  Burn  targetting  will  be  provided  to  the  minor  loop  by 
specifying  ignition  time,  burn  duration,  and  inertial  burn  attitude  (inertial 
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Euler  angles  or  inertial  hold  of  a local  horizontal  orientation).  The  minor 
loop  will  process  this  information  and  provide  inertial  attitude  commands  for 
the  generalized  target  vehicle  control,  and  engine  ignition  and  cutoff  times 
to  generalized  target  vehicle  propulsion.  The  major  loop  will  calculate  burn 
targetting  assuming  a coelliptic  rendezvous  sequence  of  three  burns  (NCC,  NSR,  TPI) 
The  coelliptic  sequence  could  be  expanded  to  later  include  preliminary  phasing 
burns,  if  necessary.  Targetting  presettings  will  be  instructor-changeable,  and 
targetting  for  a given  burn  can  be  recycled  by  instructor  command.  Targetting 
data  (ignition  time,  burn  duration,  total  aV,  attitude)  will  be  available  for 
instructor  display.  Provision  will  be  made  to  inhibit  TPI  targetting  if  the 
shuttle  vehicle  will  perform  this  burn.  Burn  targettings  will  be  performed 
immediately  following  the  preceding  burn's  conclusion,  and  re-preformed  about 
10  minutes  before  estimated  burn  time.  Target  vehicle  major  loop  guidance  will 
be  able  to  share  interruptible  time,  and  a number  of  (interruptible)  targetting 
subroutines,  with  instructor  aids  targetting  (described  in  Section  3. 3. 7. 6).  An 
iteration  rate  of  10  per  second  is -specified  for  target  vehicle  loop  guidance, 
matching  the  update  rate  of  target  vehicle  rotational  E0M.  The  conceptual  design 
for  target  vehicle  guidance  and  control  is  sketched  in  Figures  3.3.6.11 . - 1 and 
3.3.6.11  .-2.  - : T-  - ; T ' ' 


(1)  Obtain  Attitude  Control 
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FIGURE  3. 3. 6.1 
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Symbol  Dictionary  for  Figures  3.3.6.11-1  and  3. 3. 6. 11. -2 

coordinate  system  indicator  for  attitude  command 
.shuttle  position  : : - < 


ecitv 


target  vehicle  position 
burn  cutoff  time  ; 

burn  ignition  time  . i. . 

shuttle  velocity  ' r : 
target  vehicle  velocity 
inertial  pitch  command  to  jet  logic 
input  pitch  command  , , ^ 

inertial  roll  command  to  jet  logic 
input  roll  command  ' 

inertial  yaw  command  to  jet  logic 
input  yaw  command  ; 
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3.3.7  Simulator  Environment  1 

3. 3. 7.1  Aural  Cue  - . 

The  aural  simulation  will  consist  of  those  audible 
. cues  which  provide  the  crew  member  with  vehicle  operational  performance 
characteristics  during  flight.  Electromechanical  devices  are  provided 
with  appropriate  software  driven  cues  which  control  the  audio  volume, 
frequency,  and  spectrum  bandwidth.  Exact  volume  levels,  frequency  and 
spectrum  bandwidth  are  required  for  each  simulated  device.  These  levels 
will  be  taken  from  either  experimental  data  or  calculation  estimates.  '■ 

' : . - - The  main  1 i q u i d fuel  rocket  engine  simulation  will 

have  sounds  associated  with  burning,  to  include  rough  burn.  The  noise 
level  of  an  engine  will  decrease  when  throttled.  The  engines  have  bo.th 
fuel  and  oxidizer  pumps  which  will  be  heard  during  fuel  dump,  There  are' 
three  main  engines  to  be  simulated,  each  of  which  may  be  firing  at  a 
separate  time.  Provision  will  be  included  for  simulation  of  multiple  ' 
engines.  Prior  to  start  and  post  firing,  metal--' expansion  and  contraction"" 
noises  will  be  provided.  Prior  to  reentry  the  main  rocket  engines  purging 
will  be  simulated  by  a muted  gas  expansion  type  noise.  j --  -~| — 

v The  two  lar9e  solid  rocket  motors  will  be  simulated  for 

appropriate  thrust  sound  and  acoustic  vibration.-  Start-up  and  shut-  . : ; 

down  transient  noises  will  not  be  provided  during  normal  maiVSRM  burning. 
Malfunction  transients  will  be  simulated  for  case  burnthrough.  Upon 
thrust  termination  of  these  motors,  the  sound  will  be  decreased  dependent 
on  separation  distance  and  ai r density.  Mechanical  noises  associated 
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with  separation  should  not  be  heard  over  the  separation  rocket  noise; 
however,  this  cue  will  be  simulated  for  malfunction  training  when  the 
separation  rockets  do  not  fire.  ■ 

- . The  airbreathing  engines'  audible  cues  generated  will 

include  booster  pump  whines  and  explosion  heard  during  engine  start. 
Following  start-up,  a turbine  whine  will  simulate  build  up  to  run  level 
and  continue  until  shut-down.  During  airstart,  this  whine  will  also  be 
generated.  At  this  time,  it  is  assumed  that  the  jet  engines  will  have 
thrust  reversal  capability  and  the  accompanying  noise  cue  will  be  generated. 

r 

The  external  fuel-oxidizer  tank  simulation  will  create 
- noises  associated  with  pyrotechnic  line  separators,  fuel  and  oxidizer 
venting  prior  to  separation,  and  separation  system  pneumatic  and  mechanical 

thumps.  ; ' 

- , Reaction  control  thruster  jets  firing  cues  will  be 

provided.  The  thrusters  are  located  in  the  orbiter  nose  section  and 
each  of  the  aft  OMS  pods.  The  aural  cue  system  will  cause  a sound  on 

activation  identifiable  as  to  direction.  j — . — 7-  — :-  • • •; — ' , - 

: 1 ; j ; Docking  sounds  will  be  simulated  for  the  mechanics  of 

1 1 _ . 

door  opening,  docking  ring  extension,  mating,  locking  and  the  pneumatic 
•-  shock  absorber  system.  More  definition  is  required  to  determine  the 
'metallic  sounds  to  be  simulated  and  the  shock  absorber  pneumatic  sounds. 

» . ] j 

J ; The  sounds  associated  with  the  payload  area  and  payload 

--  deployment  involve  the  latching  and  unlatching  of  payload  doors,  payload 

l _ *t  ’ • 

and  radiator  units.  Hydraulic  sounds  will  be  provided  for  radiator 

! O i . 

i.  , • . jq'  ; 
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deployment,  door  mechanics,  and  the  payload  manipulator.  Various  levels 
of  mechanical  matings  will  be  simulated  for  door  openings  and  closing, 
radiator  deployment  and  retraction,  manipulator  mating  and  stowage,  and 
payload  mating  with  external  vehicles,  or  return  of  payloads  to  the  pay- 
load  bay.  Emergency  jettisoning  of  the  manipulator  will  be  simulated  by 
noises  associated  with  pyrotechnic  separator  devices. 

' ■ The  simulation  of  the  electrical  system  operating  off 

the  APU's  and  inverters  will  produce  a 400  hertz  hum.  The  APU  will  have 
an  explosive  start-up  sound  with  a 12,000  hertz  run  mode  background  noise. 

There  are  three  APU's  which  may  be  started  independently. 

| ...... 

. \ Fuel  cell  venting  will  be  simulated  by  pressure  build  up 

to  trip  limit.  This  sound  will  probably  be  a pop  (valve  opening)  followed 
by  an  air  hiss. 

{ . . * *.*“*■  <a  ' 

!- : — Environmental  air-conditioning  sounds  heard  when  the 

cabin  is  pressurized  will  be  valves  popping  - high  pressure  air  release  - 
and  air  pressurization  or  evacuation  during  EVA'/IVA  activity.  The  volume 
of  sound  will  be  simulated  dependent  upon  calculated  air  density. 

The  aerodynamic  control  surfaces,  will  generate  a 
hydraulic  cue  when  driving  from  one  position  to  another.  In  atmosphere, 
an  air  flow  noise  will  be  generated  which  is  a function  of  dynamic 

pressure  and  the  amount  of  total  surface  deflection.  | 

The  aerodynamic  forces  will  create  aural  cues  of  wind 

noise,  turbulence,  and  buffeting.  During  reentry  phases  metal  expansion 
and  contraction  will  cause  various  popping  and  cracking  sounds. 
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The  drag  chute  system  will  cause  two  minor  sounds;  a 

l 

• thump  on  opening  of  the  drag  chute  container  system  and  a second  thump 
on  opening  of  the  main  chute. 

The  landing  gear  system  simulation  will  have  sounds 

associated  with  the  gear  doors  opening  and  closing  (hydraulic  cylinder 
activation).  When  the  gear  door  begins  opening,  an  air  noise  will  be 
generated.  The  volume  would  be  dependent  upon  air  density  and  poor 
' position.  A mechanical  thump  will  be  generated  with  the  gear  door  opening 
or  closing.  The  gear  deployment  and  retraction  will  create  sounds 
associated  with  hydraulic  motor  activation.  When  the  gear  is  fully 

; j 

; - extended  or  retracted,  a mechanical  thump  will  be  generated.  Noises 
will  be  generated  upon  operation  of  the  breaks.  Noises  will  also  be 
generated  from  tire  vibration,  nose  wheel  shimmy,  and  tire  contact  with 

the  runway  on  landing.  *•  . “ ‘ " 

i ■ ; The  audio  cues  of  the  Caution  and  Warning  System  will 

' ..be  simulated  and  triggered  by  software  generated  cues  for  such  items  as 
Caution,  Warning,  Emergency  Pressure  Loss,  Emergency  Fire,  Landing  Gear 

Not  Down,  and  Crew  Alert.  These  audio  cues  are  assumed  to  be  similar 

„ ' " . ’ • i"  < 

to  the  presently  used  cues  for  the  skylab  mission.  . . 


• The  following  figure  is  used  to  graphically  depict  the 

accnrtoH  ■funrtinnQ  nf  Aural  T.liP!  ! 1 
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AURAL  CUE 
Figure  3. 3. 7. 1-1 


AIR  BREATHING  ENGINE  SYSTEM 
Main  Turbine  Whine  Frequency  = f(rpm,M) 
Main  Turbine  Whine  Amplitude  ~ f(rpm,M) 

1st  Compressor  Whine  Freouency  = f(rpm,M) 
1st  Compressor  Whine  Amplitude  = f(rpm,M) 
2nd  Compressor  Whine  Freouency  = f(rpm,M) 
2nd  Compressor  Whine  Amplitude  = f(rpm,M) 
Engine  Flame  Spectrum  Bandwidth*  f(rpm,M) 
Engine  Flame  Spectrum  Amplitude  f(rpm,M) 
Engine  Thrust  Reversal  Amplitude  = 

J f (rpm,  M) 

Engine  Compressor  Amplitude  Shift  = f(M) 
AERODYNAMIC  SYSTEM 
Aero  Noise  Spectrum  Bandwidth  = f(L) 

Aero  Noise  Composite  Amplitude  = f(h,M) 
Transonic  Sound  Directional  Shift  = f(M) 
Transonic  Sound  Amplitude  Shift  = f(M) 
Aero  Noise  Composite  Amplitude  Shift  = 

f (M)  = . ■ . 

LANDING  GEAR  SYSTEM  ■ .. 

Landing  Gear  Ground  Rumble  Frequency  = 

f (wow,  V)  \ ’ ’ ..  : . ..  . ; - 

Landing  Gear  Ground  Rumble  Amplitude  = 
f (WOW,  V)  ;.  . • . . : - 

Landing  Gear  Door  Noise  Aero  Frequency  = 
f(door  position,  V) 

Landing  Gear  Door  Noise  Aero  Amplitude  = 

f(door  position,  V)  ..  J . 

SOLID  ROCKET  SYSTEM  . ‘ 

SRM  Amplitude  = f(F,  g)  ...  ..  ..  ..  ... 

SRM  Frequency  = f(time)  .LA  ..  . . r. 
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Figure  3. 3. 7. 1-1 (continued) 


PAGE 

NO.  3-322 

REP. 

NO. 

discretes 


discretes 


discretes 


MAIN  ENGINE  . 1 

SSME  Thrust  Amplitude  - f(F) 

SSME  Thrust  Freauency  = f(F) 

SSME  02  Pump  Frequency  = f(0N) 

SSME  H2  Pump  Frequency  = f(0N) 

SSME  0?  Pump  Amplitude  = f(0N) 

SSME  H2  Pump  Amplitude  = f(0N) 
CAUTION  AND  WARNING  SYSTEM 
Caution  Tone  = discrete 
Warning  Tone  = discrete 
Emergency  Fire  = discrete 
Emergency  Pressure  Loss  = discrete 
C rev/  Alert  = discrete 
ENVIRONMENT  CONTROL  SYSTEM 
Repress/Depressurization  Freauency  = 
f(AP) 

Repress/Depressurization  Amplitude  = 

f(P)  * . : : ; 

Air  Circulation  Fan  Motor  = f(time) 
Purge  and  Vent  Air  Noise  = f(time) 
DOCKING  MECHANISM 
Docking  Ring  Lock  = discrete 

i 

Docking  Extension  Mate  = discrete 
Docking  Hatch  Separator  = discrete 
Docking  Ring  Shock  Motion  = discrete 
EXTERNAL  TANK  SYSTEM  : / J | 

External  Tank  Disconnect  = discrete 
, SRM  Disconnect  = discrete  _ L ; 
DRAG  CHUTE  SYSTEM  I 

Drag  Chute  Opening  = discrete 
Drag  Chute  Deployment  = discrete 
MANIPULATOR  SYSTEM  : ' 

Manipulator  Separator  = discrete  \ 
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Figure  3.3.7. 1-1  (continued) 


discrete 


ECS 


AT 


discretes 


RCS 


' , ' discretes 

Payload w 

Door 


Power  Avail 

EPS B>| 


COMM 


Equip  ON 


PAYLOAD  SYSTEM  . ..  • 

Payload  Door  Latch  = discrete  . . 
Payload/Vehicle  Dock  Amplitude  = f(AV) 

HYDRAULIC  POWER  SYSTEM  

Hydraulic  Motor  Volume  = f(time  ON, 

Location)  

Metal  Expansion  Creak  = f ( aT ) 

Reaction  Control  Jets  Amplitude  = f(0N, 

Location)  „ _ _ : .! 

Radiator  Panel  Deployment/Retraction  = 

. f (time)  . . 1 J-  ...  - 

ELECTRICAL  POWER  SYSTEM 
400  Hertz  Ambient  = f (Power  Avail.) 
Communication  Equipment  Hum  -.  f(Equip. 
ON)  ..  ' . ' _ 


D/A  Aural 

Cue- 

D/0  Devices | 


i 


> ^ j 

» • * 


DATE  3/23/73 

THE  SINGER  COMPANY 
SIMUIATION  PRODUCTS  DIVISION 

PAGE  NO.  3-324 

REV. 

BINGHAMTON.  NEW  YORK 

REP.  NO. 

3. 3. 7. 2 Visual  (Aft)' 

The  aft  visual  simulation  software  for  the  fixed  base  crew  station 
will  accept  inputs  from  the  simulated  Equations  of  Motion  and  Payload  Accommoda- 
tion Systems  and  generate  driving  commands  for  the  aft  visual  system.  The 

control  software  configuration  is  highly  dependent  upon  the  final  aft  visual 

hardware  design  selected. 

3. 3. 7. 3 Visual  (Forward) 

The  forward  visual  simulation  software  will  accept  inputs  from  the 
simulated  Equations  of  Motion,  and  generate  driving  commands  for  the  forward 
visual  system.  The  control  software  configuration  is  highly  dependent  upon 
the  final  forward  visual  hardware  design  selected.  ...... 
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3 . 3 . 7 . 4 Motion  System 

The  software  package  described  assumes'  a hardware  configuration  of 
a six  degree-of-f reedom  motion  system  with  the  addition  of  a simulator  crew 
station  tilt  capable  of  0 to  +77  degrees  angle  and  a rate  of  (1BD)  degrees/ 
second.  Additional  crew  station  deflection  beyond  77°  can  be  obtained  from  the 
standard  6 DOF  system.  The  drive  philosophy  considered  is  to  program  the  motion 
system  to, as  realistically  as  possible,  approximate  the  forces  acting  on  the 
crew  during  actual  flight.  The  standard  6 DOF.  system  is  capable  of  providing 

all  motion  cues  except  for  long-term  sustained  accelerations.  These’  accelera- 

£ 

tions  occur  primarily  along  the  vehicle  X axis  (A  ) . The  hardware/software 
system  accomplishes  the  long-term  accelerations  by  directing  the  actual  gravity 
force  to  correspond  to  the  total  sustained  acceleration  acting  on  the  crew  for 
the  simulated  condition.  Since,  in  orbital  flight,  the.  gravity  force  is  effectively 
cancelled  by  centrifugal  force,  a "natural"'  upright  seating  position  is  assumed 
for  zero  force,  while  a deflection  of  90°  is  assumed  for  maximum  force  during 
accelerated  flight.  A design  goal  for  the  shuttle  program  is  to  limit  the 
total  acceleration  to  3 G.  Therefore,  the  simulator  is  scaled  to  adequately 
cover  this  range,  plus  an  off-nominal  additional  acceleration.  A total  of  3.1  G 
is  chosen  for  90°  deflection  of  the  system  for  long-term  accelerations.  An 
additional  requirement  for  all  axes  of  the  motion  system  is  felt  to  be  an 
ability  to  adjust  scaling  easily.  This  is  because  the  chosen  scaling  will 
probably  require  adjustment  based  on  user  experience  with  the  simulator. 

Scaling  and  rate  characteristics  of  the  design  motion  system  should  be 

4 

able  to  handle  all  longitudinal  accelerations  and  rates  of  acceleration  change 
during  a shuttle  mission  except  the  rate  of  acceleration  change  at  main  engine 


109.1  SEC 


cutoff  upon  orbit  insertion,  and  upon  thrust  termination  for  certain  aborts. 

The  accompanying  figure  illustrates  nominal  boost  accelerations.  At  main 
engine  cutoff,  maximum  acceleration  decay  is  about  7.5  g/second,  porportional 
to  about  200  degrees/second  at  motion  base  scaling.  A 200  degree/second  rate 
will  obviously  cause  hardware  problems  in  implementation.  Such  a rate  would 
also  briefly  result  in  false  motion  cues.  The  actual  cue  is  a rather  sudden 
cessation  of  great  force  driving  the  astronaut  back  into  his  couch.  The  200 
degrees/second  motion  base  motion  will  introduce  false  rotational  cues.  However, 
all  these  cues  exist  for  such  a short  period  of  time  that  they  should  not  be 
too  alarming.  Moreover,  relatively  subtle  differences  are  difficult  to  note 
when  engaged  in  a very  sizable  motion  cue  such  as  cutoff.  A substantially 
slower  rate  would  ease  hardware  difficulties,  and  false  rotational  cues.  It 
would,  however,  make  simulated  tailoff  motion  cues  last  much  longer  than  the 
real-world  motion  cues  do.  Thus,  it,  too,  would  create  a false  cue.  The  short 
duration  false  cue  is  considered  preferable  to  a long  duration  false  cue.  Thus, 
it  is  desirable  to  drive  out  the  tilt  at  the  largest  possible  maximum  rate  at 
main  engine  cutoff,  or  aborts  which  exhibit  similar  real-world  cues. 

The  standard  Singer  6 DOF  motion  system  software  is  capable  of  accurate 
simulation  of  all  motion  cues  except  those  requiring  use  of  the  added  tilt 
feature.  The  added  tilt  feature  can  be  driven  properly  with  the  addition  of 
the  following  two  equations  to  the  standard  Singer  software: 
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7'  el  = 61  + Kl(37l  " el)'o 

Ax  -jj 

= maximum  of  { 0 . , ( ® -j  + K2  37T  " 90^ 


where 


A = total  longitudinal  acceleration 

' - X 

...  - K-j  - = rate  limiting  constant 
= scaling  constant 
. _ e.|  = tilt  axis  angle 
— g ^ = tilt  term  of  6 OOF  pitch  axis 
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3. 3. 7.^.  MCC  Interface  TLM,  DCS,  Trajectory  . 

The  computer- to-computer  interfaces  between  the  Mission  Control  Center  and 
the  Shuttle  Mission  Simulator  will  be  accomplished  by  providing  interface  buffers 
and  hard  line  data  transfer  equipment  between  the  two  computers.  The  seven 

general  buffer  areas  required  in  the  SMS  computer  complex  is  shown  pictorially  in 
Figure  3. 3. 7. 5. 

The  Target  Vehicle  buffer  will  consist  of  approximately  six  words  of  data 
containing  target  vehicle  indentification,  three  commanded  attitude  words,  a 
horizontal  or  vertical  reference  word,  a time  ignition  word,  and  the  time  of  burn. 
This  data  will  enable  MCC  to  maneuver  the  simulated  target  vehicles  in  the  SMS 
by  command  and  for  the  simulation  of  the  target  vehicle  dynamics  to  be  realistic 
for.  visual  conditions. 

The  Di9ital  Command  System  or  the  Up  Data  Link  will  be  simulated  by  the 

SMS  computer  buffer  accepting  and  decoding  the  MCC  created  command  words.  These 
commands  provide  the  communication  link  for  transfer  of  the  MCC  computed  state 
vector  data  to  the  Shuttle  GNC  computer.  The  transferred  state  vector  should 
contain  ground  equipment  and  data  reduction  propagated  errors  similar  to  the  real 

world.  System  commands  will  be  decoded  by  the  DCS  program  for  use  by  the  vehicle 
systems.  ...  - ......  

The  computer  mode  of  operation  and  time  will  be  transferred  on  a two-way 
basis  with  both  computers  providing  data  to  the  other.  Master  clock  time  data 
words  will  be  generated  by  MCC  for  use  in  the  SMS.  In  non-i ntegrated  modes  the 
SMS  will  provide  it's  own  time  base.  ' •*  - •-  ; »-  • ■ 

The  trajectory  data  buffer  provides  the  master  event  time  data  and  state 

. «* 


vector  data.  The  data  buffer  will  provide  for  unpacking  two  words. of  discrete 

1 

configuration  data  parameters,  and^time  words  for  frame  time  and  liftoff  time. 
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Figure  3. 3. 7. 5-1 
SMS  INTERFACE-COMPUTER  BUFFER 
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Vehicle  data  for  state  vector  position  and  attitude  are  supplied  to  GSSC/MCC  for 
nine  target  vehicles  and  the  shuttle.  The  nine  target  vehicles  include  the  two 
solid  rocket  engines,  the  external  tank,  a free  flying  vehicle,  and  five  payload 
targets.  • The  packed  discretes  will  identify  whether  the  targets  are  attached  or 

unattached. 

The  shuttle  vehicle  telemetry  data  will  be  provided  to  MCC  by  blocks 
over  coax  cable.  The  data  block  transfer  rate  will  be  established  at  ten  per 
second  or  52'Kbs.  Spare  coax  cable  will  allow  simultaneous  transmission  of  the 
payload  1.7  MHZ  data  when  that  task  trainer (s)  is  added.  No  software  is  provided 
for  payload  dedicated  telemetry  on  the  1.7  MHZ  subcarr/ier.  Payload  data  which  is 
transmitted  on  the  1.024  MHZ  subcarrier  will  be  provided.  The  maximum  rate  of  data 
transfer  over,  exi sting  equipment  is  approximately  onerhalf  the  real  world  system 

rate  of  128  Kbs . • • • • . j 

The  communication/tracking  buffer  will  provide  voice  and  data  recorder 

status  and  transceiver  status  along  with  transmitter  output  power  to  MCC.  MCC 
will  be  required  to  calculate  if  an  air  to  ground  voice/data  link  is  possible. 

Each  of  these  buffer  areas  may  be  combined  with  other-  buffer  areas  so  as 
to  fully  use  the  data  transmission  link  capability.  Typical  overall  interfaces 
between  the  computers  in  Building  5 and  the  GSSC/MCC  complex  is  shown  in  the  following 

f i gures . ‘ : 1 


f - 


Date  3/23/73 


TELEMETRY  INTERFACE 


SMS  TRAJECTORY,  TIMING,  MODE,  COMMUNICATION, 
AND  TARGET  VEHICLE  INTERFACE 
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3. 3. 7.6'  Instructor  Aids  . . - ... 

The  shuttle  systems  instructor  will  be  provided  with  computer  generated 
displays  to  reduce  simulator  data  into  a more  directly  useable  training  tool. 

These  displays  will  use  both  digital  and  graphics  as  a means  of  presentation  of 
data.  The  displays  will  also  provide  software  system  test  and  checkout  capability 
without  using  crew  station  meters  and  displays.  In  addition  parameters  generated 
for  .internal  software  simulation  usage  will.be  provided.  ......  ... 

— The  following  examples  are  used  to  indicate  the  types  of  displays  that 
are  feasible  and  in  some  cases  are  in  use  in  existing  simulators. 

A combination  of  graphics  and  digital  display  will  be  used  for  the 
electrical  system  power  balance  and  distribution.  The  display  will  contain  nodal 
current  summations,  bus  voltages,  inter-bus  currents,  and  inter-bus  circuit  breaker 

• i ...  . . . 

status.  Another  display  will  be  dedicated  to  a summation  of  the  individual  and 
collective  bus  loads  for  the  AC  buses  and  DC  buses.  Individual  displays  will  also 
be  provided  for  relay  state,  voltage,  current,  heat,  malfunctions  active  for 
various  components  of  the  electrical  system  such  as  regulators,  batteries,  chargers, 
inverters,  and  generators.  This  type  of  presentation  is  typical  of  all  systems  for 
the  on-board  system  test  and  support  displays.  > 

"Predicter"  displays  will  provide  the  instructor  a means  of  determining 
the  condition  or  state  of  consumables,  energy,  or  communication  linkage  at  a future 
time  point.  For  example,  the  "Communication  Predicter"  would  display  the  next 
ground  station  to  be  acquired  and  the  estimated  time  until  line-of-sight  is  acquired. 
This  predicter  is  anticipated  to  be  limited  to  orbital  operations  using  STDN 
stations  only.  The  Energy  Management  graphic  display  is"  a type  of  predicter  which 
shows  the  estimated  down  range  and  cross-range  capability  of  the. vehicle  based  on 
its  altitude,  speed,  and  aerodynamic  characteristics.  The  energy  management  display 
will  also  graphically  display  the  primary  and  secondary  landing  sites  and  runway 
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orientation,  wind  direction,  ideal  approach  pattern,  etc.  In  addition  to  these 
displays,  an  estimated  system  capability  could  be  displayed  for  electrical  consump- 
tion rate  versus  total  power  available  (from  batteries,  APU's,  fuel  cells,  etc.) 
or  for  water  consumption  versus  water  quantity  on  hand  and  fuel  cell  water  to  be 
generated.  Such  displays  would  provide  the  instructor  with  a means  of  estimating 
vehicle  status  at  a future  time  point  based  on  inserted  system  malfunctions.  A 
ground  ti ack  predictor  display  could  be  used  to  display  recent  and  anticipated 
ground  track  against  continental  outlines  and  STDN  stations  (and  their  approximate 
communication  ranges)  during  orbital  operations.  Capabilities  similar  to  those  of 
the  current  CMS  ALOS  program  could  be  provided,  including  sequential  lists  of  STDN 
stations  to  be  acquired  over  an  interval  of  future  time,  and  their  acquisition  and 
loss  times  (assuming  no  burns)  during  orbital  operations.  A capability  could  be 
provided  to  calculate  time  of  closest  ground  track  approach  on  the  next  orbit  to 
a given  earth  location,  as  well  as  other  parameters  at  the  instant  of  closest 
approach  such  as  altitude,  range  and  bearing  to  the  ground  location,  and  line-of- 
sight  elevation  angle  at  the  ground  location. 

A- state  vector  generation  program  similar  to  the  CMS-STAT  program  could 

be  included,  to  permit  trajectory  reset  of  the  shuttle  or  a target  vehicle  to  any 

desi red^ translational  state.  That  translational  state  could  be  specified  by 

ordinary  rectangular  coordinates  in  any  of  several  coordinate  systems,  by  orbital 

elements,  by  ground-projected  location  and  local  horizontal  velocity  properties, 

or  by  any  of  several  other  methods.  Assuming  a MCC  role  in  orbital  burn  targetting, 

a package  of  targetting  and  burn  sequencing  programs  could  be  provided  for  instructor 

use  operating  directly  off  simulator  EOM  data.  Such  a system,  similar  to  that 

currently  existing  in  the  CMS  MTP  program  package,  would  permit  the  instructor  to 

"simulate"  the  RTCC,  and  possess  information  analogous  to  that  of  a MCC  controller. 

♦ 

Existing  CMS  targetting  programs  output  such  data  as  burn  time",  burn  duration, 
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velocity  to  be  gained  along  each  axis,  burn  attitude,  etc. 

• / - 

The  use  of  an  all  attitude  platform  will  reduce  platform  alignment 
problems,  and  increased  shuttle  autonomy  may  further  impact  ground  participation 
in  platform  realignment.  However,  it  is  desirable  to  avoid  the  "gimbal-flip" 
region  with  4-gimbal  platforms,  so  platform  realignments  may  still  be  made.  If 
the  ground  has  a role  in  this  activity,  an  alignment  generating  routine  analogous 
to  the  CMS  RFMT  program  may  be  desirable. 
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3.3.8  Equations  of  Motion 

9*  * 4 

The  equations  of  motion  system  will  simulate  the  dynamic  and  physical 
environment  for  the  shuttle  vehicle  and  each  target  vehicle.  Inputs  to  tht 
equations  of  motion  include  forces,  moments,  mass  data  from  simulated  on-board 
systems,  and  guidance-type  inputs  to  the  generalized  target  vehicle  propulsion 
systems.  The  equations  of  motion  system  is  conceptually  subdivided  as  shown 


be!  ow : 

EQUATIONS  OF  MOTION 


I 1 J I 

I I 

•f 


A number  of  coordinate  systems  will  be  used  to  simulate  vehicle  dynamics.  • 
The  following  symbols  will  be  used  for  coordinate  systems: 

T coordinate  system  (earth  centered)  - epoch  at  reset  point  " 

X-axis:  intersection  of  true  equator  and  true  ecliptic  at  epoch,  positive 

toward  vernal  equinox. 

Z-axis:  true  earth  north-polar  spin  axis  at  epoch. 
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Y-axis:  completes  right-handed  orthogonal  triad. 

S coordinate  system  (earth  centered) 

» • 

X-axis:  intersection  of  mean  equator  and  mean  equinox  at  epoch  1950.0,  positive 

: toward  vernal  equinox.* 

Z-axis:  mean  earth  north-polar  spin  axis  at  epoch  1950.0. 

Y-axis:  completes  right-handed  orthogonal  triad. 

E coordinate  system  (earth  centered) 

X-axis:  intersection  of  earth  equatorial  plane  and  plane  of  Greenwich  __ 

meridian,  positive  out  at  zero  longitude. 

* 

Z-axis:  garth -north-polar  spin  axis 

Y-axis:  completes  right-handed  orthogonal  triad.  ■ 

F coordinate  system  (earth  surface  fixed)  - flat  earth  system 
X-axis:  positive  north 

* 

Y-axis:  positive  east 

Z-axis:  positive  down 

* 4 

B coordinate  system  (vehicle  center  of  mass  centered)  - 

X-axis:  orbiter  fuselage  reference  line,  positive  forward. 

Z-axis:  perpendicular  to  X-axis  in  orbiter  symmetry  plane,  positive  down. 

Y-axis:  completes  right-handed  orthogonal  triad. 


F- 398-8- 


date  3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE 

NO. 

3-340 

REV. 

BINGHAMTON.  NEW  YORK 

REP. 

NO. 

3.3.8. 1 Shuttle  Vehicle  - 

The  shuttle  vehicle  equations  of  motion  will  provide  a complete  ; 

simulation  of  vehicle  rotational  and  translational  dynamics.  The  equations 

will  operate  under  all  shuttle  vehicle  space  and  ferry  mission  configurations. 

Inputs  to  the  shuttle  vehicle  equations  of  motion  will  include  body  forces  and 

moments  from  vehicle  systems,  aerosurface  settings,  insturctor-determined 

environment  inputs,  consumable  and  payload  mass  properties;  and  vehicle 

configuration.  From  this  information,  the  .position,  velocity,  attitude,  and 

attitude  rate  will  be  determined,  as  well  as  other  parameters  listed  in  the 

' < 

following  discussions.  The  conceptual  design  of  the  shuttle  equations  of  motion 
is  divided  into  four  subsystems  as  illustrated  below: 


Displays 
Air  Data 
Computer  Inputs 


Consumable  Mass  Properties 
Payload  Mass  Properties 
Configuration 


Body  Moments 
From  Vehicle  Sys terns 


Aerosurface  Settings 
Instructor  Environment  Inputs 
Crew  Station  Inputs 


Attitude  Rates 
Displays 


Position 
-g>  Velocity 


Displays 


Body  Forces 

from  Vehicle  Systems 
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3.3. 8. 1.1  Translational  E0M  • 

The  similated  shuttle  vehicle  translational  equations  of  motion 
will  maintain  vehicle  translational  state,  given  body  forces,  vehicle  mass,  and 
vehicle  orientation  in  terms  of  the  direction  cosine  matrix  relating  body  fixed 
coordinates  to  E0M  reference  coordinates.  Body  forces  which  will  be  summed  to 
obtain  total  body  force  are: 

SRM  thrust  . . ; 

MPS  thrust  (including  venting) 

0MS  thrust 

RCS  thrust  , 

ABPS  forces 
Gear/Braking  forces 
Drag  Chute  forces 

Aerodynamic  forces  (including  proximity  and  ground  effects) 

4» 

Payload  Manipulation  forces 

Docking  forces  .....  ..  . ..... 

* 

The  body  forces  are  then  transformed  to  the  appropriate  E0M  reference 
coordinate  system  (T  coordinate  system  or  appropriate  F coordinate  system),  and 
divided  by  total  vehicle  mass  to  obtain  vehicle  body  acceleration.  During  orbital 
flight,  (which  may  be  defined  as  flight  at  orbital  velocity  with  sustained  body 
acceleration  less  than  3 an  Encke  orbit  determination  scheme  together 

with  Runge-Kutta  integration  will  update  vehicle  state  each  8 seconds.  Vehicle  state 
will  be  estimated  in  the  intervening  time  by  extrapolating  gravity  from  past  values 
calculated  at  8 second  intervals,  and  integrating  directly  to  find  velocity  and 
position.  Position  and  velocity  deltas  resulting  from  body  accelerations  will  be 
included  in  the  appropriate  fashion  into  the  Encke  accumulated  central  body 
deviation  state  vector.  An  Encke  scheme  is  selected  over  a Cowell  scheme  because 
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of  the  former's  substantially  higher  accuracy,  permitting  arrelatively  larger 
step  size  with  superior  precision.  Encke  is  also  very  preferable  for  accomplishing 
rapid  step-ahead.  Runge-Kutta  integration  is  used  in  preference  to  a high-order 
predictor-corrector  integrator  (e.g.,  Adams-Moulton)  because  of  Runge-Kutta 1 s 
very  high  precision  in  handling  such  gravitational  accelerations,  and  the  fact 
that  is  is  self-starting.  Predictor-correctors  require  a number  of  past  values 
which,  due  to  the  stringent  accuracy  requirements,  would  probably  have  to  be 
initialized  in  this  case  using  Runge-Kutta,  thereby  substantially  complicating 
the  program.  Far  less  stringent  accuracy  requirements  exist  on  the  past  values 
for  the  extrapolation,  since  extrapolation  errors  do  not  propagate.  Update  each 
8 seconds  should  assure  update  " j urnps"  of  less  than  1 foot  in  position.  During 
other  than  orbital  flight,  vehicle  state  will  be  maintained  using  a low-order 
predictor  scheme  (e.g.,  rectangular  or  Adams)  and  a Cowell  orbit  determination 
scheme  (due  to  the  very  substantial  perturbative  accelerations).  During  pre- 
launch (i.e.,  prior  to  hold  down  arm  lifting),  the  state  vector  will  be  re- 


< 

co 

u. 


calculated  directly  using  the  earth  rotation  rate,  rather  than  integrated.  State 
will  be  maintained  in  the  T system  during  space  flights,  until  final  approach,  at 
which  time  translation  to  the  appropriate  flat-earth  F coordinate  system  will  be 
accomplished.  A flat-earth  F coordinate  system  will  be  used  for  ferry  flights. 
Gravitational  accelerations  will  be  calculated  using  the  an<^  ^22  harmonics 

during  regimes  in  which  the  T coordinate  system  is  used.  During  regimes  in  which 
the  F coordinate  system  is  used,  a central  body  gravitational  field  with  magnitude 
that  of  30°  latitude  will  be  used.  Parameters  output  for  other  systems  and  displays 
at  all  time,  will  include: 

; vehicle  state  (includes  vehicle  altitude)  . ’!  .l.J. 

, \ • * 

vehicle  latitude  and  longitude  " y ‘ - 

• » V ' 

# • “ 4] 

j vehicle  ground  track  heading  ' 1 


f • . 
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vehicle  relate  velocity 

^ >.  , 

vehicle  flight  path  angle 

In  regimes  in  which  state  is  maintained  in  the  T coordinate  system,  the  following 
additional  outputs  will  be  provided: 
vehicle  altitude 
vehicle  radius  magnitude 
vehicle  inertial  velocity  magnitude 
vehicle  state  in  S and  E systems 

orbital  elements  (semi-major  axis,  parameter,  eccentricity,  apogee, 

perigee,  inclination,  inertial  logitude  of  ascending  node,  true 
anomaly,  eccentric  anomaly,  inertial  longitude  of  perigee) 
time  of  next  orbital  sunrise/sunset 

An  iteration  rate  of  20  per  second  is  specified.  Since  aerodynamics,  MPS,  RCS, 
and  0MS  programs  are  iterated  at  this  rate,  a sizable' part  of  translational  R0M 
must  operate  this  fast  to  properly  interface.  It  is  considered  desirable  to  also 
operate  the  remainder  of  the  program  at  the  same  rate  to  obtain  accurate  gravita- 
tional effects.  Although  all  display  parameters  are  shorn  in  the  conceptual  design 
as  being  updated  each  50  milliseconds,  this  is  probably  not  necessary  in  all  cases. 
Thus,  if  time  is  critical,  some  of  these  may  be  updated  less  frequently,  at  the 
cost  of  some  complication  of  the  conceptual  design.  The  conceptual  design  is 
sketched  in  figure  3.3.20.1.1-1.  All  coordinate  transformation,  except  that  from 
: B coordinates  to  I or  p coordinates,  will  be  calculated  in  block  (7)  or  block  (15) 
thereof.  In  step-ahead  mode,  the  Encke/Runge-Kutta  loop  only  will  be  used  for 
integration  (blocks  (11)- through  (13)) and  the  extrapolation  logic  bypassed.  A 
* larger  step  size  than  8 seconds  can  be  utilized  (one  minute  would  not  be  excessive). 

‘ . . \ < r 

The  only  non-gravitational  perturbative'force  included  during  step-ahead  will  be  - 
orbital  drag.  It  will  be  calculated  using  the  last  values  of  aero  coefficients 
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and  angle  of  attack  obtained  prior  to  entering  step  ahead.  ' Dynamic  pressure  will 
be  recalculated,  the  forces  and  accelerations  re-computed  and  approximately  trans- 
formed to  the  T coordinate  system  once  per  step-ahead  step.  Drag  will  be  assumed 


constant  over  one  integration  step. 


V" 


FIGURE  3. 3, 8.1 .1-1 
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SYMBOL  DICTIONARY 
Total  body  acceleration 
Gravitational  acceleration 
Intermediate  gravitational  acceleration 
Intermediate  gravitational  acceleration 
Intermediate  gravitational  acceleration 
Cosine  of  0q^a 
total  body  force,  B coords, 
total  body  force,  T or  L coords, 
vehicle  altitude 
altitude  rate 
Rur.ge-Kutta  logic  flag 

vehicle,  longitude 

total  vehicle  mass 

vehicle  position,  T or  L coords. 

Vehicle  position,  S coords. 

Encke  reference  vehicle  position 
vehicle  position  at  last  low 
speed  loop  dpdate 
sine  of  0GHA 


V 

vehicle  velocity,  T or  L 
coords. 

*bso 

vehicle  velocity,  S coords. 

UJ 

vehicle  velocity,  E coords 

Vupd 

vehicle  velocity  at  last 
low  speed  update 

Vr 

vehicle  relative  velocity 
magnitude 

r 

flight  path  angle 

M 

direction  cosine  matrix 

Iy]e/b 

direction  cosine  matrix 
between  E coordinates  and 
0 coordinates 

2v.b 

delta  position  due  to  body 
force  since  last  update 

AVg 

delta  position  due  to  gravi 
since  last  update 

AVb 

delta  velocity  due  to  body 
force  since  last  update 

AVg 

delta  velocity  due  to 
gravity  since  last  update 

eGHA 

Greenwich  hour  angle 

X 

vehicle  longitude 

vehicle  ground  track 
heading 

< 
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: 3. 3. 8. 1.2  ROTATIONAL  E0M 

1 

The  simulated  shuttle  vehicle  rotational  equations  of  motion  will 
maintain  vehicle  attitude  and  attitude  rates  given  current  vehicle  position,  center 
of  mass,  inefctia  tensor,  arid  vehicle  body  forces  and  moments.  Body  force,  and 
moments  included  in  the  calculation  of  vehicle  rotational  dynamics  are: 

SRM  thrust 

MPS  thrust  (including  venting)  _• 

0MS  thrust  --  • - — - — ■ • 

RCS  thrust  • 

ABPS  forces  | _ - > 

: Gear/Braking  forces 

Drag  chute  forces 

Aerodynamic  moments  (including  proximity  and  ground  effects) 

Payload  Manipulation  moments  .... 

Docking  Moments  , 

Body  moments  resulting  from  body  forces  are  calculated  using  the  fixed 
position  of  the  application  point  and  the  current  position-of  the  vehicle  center 
of  mass.  The  rotational  effects  of  moving  payload  doors/space  radiators  will  be 
calculated,  and  included  within  the  rotational  dynamics.  Gravity  gradient  torques 

*a 

will  be  calculated  and  included  in  the  aggregate  body  moments.  Euler's  equations 
will  be  solved  to  obtain  angular  accelerations,  and  will  be  integrated  to  obtain 
angular  rates.  Rates  and  attitude  changes  due  to  prelaunch  constraints  will  be 
simulated  prior  to  liftoff.  The  structural  body  fixed  coordinate  system  will  be 
used  for  the  inertia  tensor  and  angular  velocity.  The  use  of  principal  axes  results 
in  a considerably  simplified  form  of  Euler's  equations.  However,  this  advantage  is 
largely  negated  if  the  orientation  of  the  principal  axes  tend  to  move  substantially 
with  respect  to  body  axes  in  time.  Time,  and  especially  core,  required 
to  calculate  the  body-to-pri nci pal . axes  ' T ‘ “i  ' ' 
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transformation  tends  to  erase  the  advantages  of  principal  axes,  and  more.  It 
appears  currently  that  during  many  mission  phases,  the  principal  axes  migrate 
sufficiently  much  to  require  recalculation.  Thus,  principal  axes  are  not  used. 
This  choice  should  be  re-evaluated  as  later  data  becomes  available.  The  direction 
cosine  matrix  will  be  obtained  from  the  angular  velocity  vector  directly  using 
self- normalizing  difference  equations.  The  accuracy  and  conceptual  simplicity 
of- this  method  is  preferred  to  direct  integration  or  the  use  of  quaternions. 

Euler  angles  with  respect  to  local  horizontal  are  then  calculated  for 
purposes  of  display  using  the  direction  cosines.  The  direction  cosine 
matrix  will  transform  from  the  D coordinate  system  to  either  the  T or  F 
coordinate  system,  depending  upon  which  system  is  the  prime  EOM  coordinate 

system  at  the  time.  Rotational  dynamics  should  be  updated  20  times  per 

. ■» 

second  during  regimes  when  a thrust  vector  control  system  or  aero- 
surfaces  are  in  use  for  good  response  characteristics.’  At  least  part 
of  the  system  must  be  iterated  at  that  rate  during  orbital  coast  modes 
to  peroperly  interface  with  the  simulated  RCS.,  Under  those  circumstances, 
it  seems  desirable  to  iterate  the  program  at  that  rate  at  all  times.  The 
conceptual  design  is  illustrated! in  Figure  3.3.8. 1.2-1.  . ..  ; 
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L door 
L grav 


SYMBOL  DICTIONARY 
Vehicle  inertia  tensor 

total  body  torque 

torque  due  to  moving  doors 

gravity  gradient  torque 

torque  accumulator 

vehicle  position 

vehicle  velocity 

direction  cosine  matrix 

local  horizontal  pitch 

. . ....  4 

local  horizontal  roll 

. . - -*  f* 

t 

local  horizontal  yaw 

t 

\ 

angular  velocity  f 

i 

angular  acceleration 
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The  shuttle  vehicle  is  a complex  structure  composed  of  an  aircraft, 
an  external  fuel  tank,  two  strap-on  solid  rocket  motors  and  a payload.  During 
powered  flight  this  structure  is  subjected  to  loads  such  as  engine  thrust, 
fuel  slosh  and  aerodynamic  forces.  These  forces  cause  the  vehicle  to 
bend  and  result  in  structural  vibrations  primarily  at  certain  predetermined 
frequencies.  These  vibrations  in  turn  feed  into  body-mounted  accelerometers 
and  rate  gyros  which  provide  the  sensor  data  used  in  the  vehicle  control 
system  rate-feedback  and  load-relief  control  loops.  These  accelerometers 
and  rate  gyros  are  normally  placed  in  a vehicle  in  a manner  to  minimize 
the  sensing  of  the  transient  effects  due  to  bending,  fuel-slosh  and 
aeroelasticity.  Filters  are  then  added  to  further  reduce  these  effects 
as  they  are  seen  by  a control  system.  If  these  provisions  are  adequate 
to  filter  out  these  vibrational  modes  from  the  shuttle  control  system,  it 

-is  unnecessary  to  simulate  these  dynamics  in  an  astronaut  training  device, 

.*  ^ . . . . 

'and  a rigid  body  simulation  will  suffice.  r'  ...  ; . 

The  shuttle  vehicle  apparently  will  include  three  rate  gyro 
packages  and  three  bodymounted  accelerometer  packages.  Each  rate  gyro 
package  contains  three  rate  gyros  which  are  mounted  mutually  perpendicular 
to  one  another.  The  accelerometer  packages  each  contain  two  accelerometers. 

- These  are  normally  perpendicular  to  one  another  and  lie  in  a plane 
perpendi cular  to  the  vehicle  center-line.  Each  rate  gyro  and  each 
accelerometer  may  be  mounted  apart  from  the  others  in  its  package.  The 

■-inputs  to  these  15  sensing  devices  will  be  simulated  as  outputs  from  the 
bending  model  should  flexible  body  dynamics  be  determined  to  be  necessary. 

a ' 

If  the  bending  exceeds  the  control  system's  capabilities,  the 

following  method  of  bending  simulation  is  recommended.  The  shuttle  vehicle 

" rjr . ' 

can  be  idealized  into  a structure  of  rods,  tubes  and  panels  upon  which 

• • • ■ - • 6 
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are  acting  the  external  forces  mentioned  above.  The  bending  of  a 

structure  under  load  is  the  cumulative  result  of  the  bending  of  the 

individual  elements  composing  the  structure.  A matrix  method  is  recommended 

for  the  handling  of  the  quantity  of  data  arising  in  the  solutions  of 

flexure  calculations  of  such  a complex  structure.  This  method  presents 

data  in  a form  suitable  for  use  in  the  normal  calculatory  procedures 

of  a high  speed  digital  simulation  and  allows  simple  expansion  of  the 

program  is  required.  The  bending  equations  of  motion  for  the  idealized 

system  are  defined  by  a series  of  matrix  multiplications  where  the  matrices 

describe  the  thrust  force,  structure  elements,  fuel  slosh  effects  and 

aerodynamic  forces.  - : ' 

The  program  will  be  computed  at  a rate  of  at  least  ten  times 

per  second.  Program  outputs  will  consist  of  rates  arid  accelerations  sensed 

by  the  control  system  devices  and  increments  to  rigid  body  forces  and 

moments  resulting  from  body  flexing.  ' • 

The  vehicle's  motion  can  be  affected  by  fuel  slosh.  The 

shuttle  contains  five  reaction  control  system  tanks  in  the  orbiter's  nose 

and  three  tanks  in  each  of  the  orbital  maneuvering  system  (OMS)  engine  pods. 

The  payload  bay  is  capable  of  containing  up  to  six  fuel  tanks.  There  are 

four  fuel  tanks  in  the  OMS  pods,  two  per  pod.  The  external  tank  consists 

of  two  main  tank  compartments.  Neglecting  the  cryo  tanks  this  accounts 

for  23  tanks  of  fuel  that  might  need  simulating.  . • j.  J j„ 

During  the  first  stage  of  flight  the  slosh  dynamics  have  been 

estimated  to  be  in  a frequency  range  between  0.5  and  0.7  Hertz.  During 

the  second  stage  of  flight  this  frequency  is  expected  to  be  between  0.3 
* 

and  0.5  Hertz.  One  of  the  reasons  slosh  is  critical  is  due  to  the  forward 
location  of  the  LO2  tank.  Slosh  effects  this  far  away  frorruthe  center  of 
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mass  can  have  a pronounced  effect  on  the  rotational  dynamics'  of  the  vehicle. 
The  choice  of  which  tanks  must  be  simulated  will  be  a function  of  those 
sloshing  effects  which  cannot  be  filtered  out  of  the  control  system 
effectively,  and  which  bending  effects,  which  are  in  part  a function  of 
slosh,  cannot  be  filtered  out  of  the  cotnrol  system. 

The  simulation  of  fuel  slosh  may  be  accomplished  by  assuming 
the  fuel  to  act  similar  to  a spring-mass-damper  system  tied  to  the  airframe 
and  a rotatable  inertia  coupled  to  the  vehicle  structure  through  the 
damping  action  of  internal  baffles.  The  slosh  model  will  supply  the 
mass  center  vector  of  the  fuel  for  each  tank  to  the  .equations  of  motion. 

It  will  also  supply  the  forces  produced  by  fuel  motion  as  the  vehicle 
and  fuel  exchange  momentum.  Forces  required  by  the  bending  model  at 
other  critical  points  in  the  vehicle  will  also  be  supplied  by  the  fuel 
slosh  model.  , • , j 

The  model  requires  several  coefficients  and  their  interaction 
that  will  be  defined  as  more  design  data  becomes  available;  This  will  allow 
a description  of  the  forces  in  each  plane  accounting  for  any-  cross-coupling 

that  exists.  ; . . • . J ' . ..  

The  slosh  model  program  will  be  computed  as  fast  as  any  program 
that  uses  its  outputs.  This  is  20  times  per  second,  the  execution  rate  of 

the  rotational  equations  of  motion.  , ... i _ •_ 

The  following  figure  depicts  a functional  flow  of  an  approach 
that  might.be  used  should  flexible  body  dynamics  simulation  become  necessary. 
The  necessity  of  this  simulation  will  be  determined  as  the  shuttle  design  and 
dynamic  characteristics  become  better  defined.  Aeroel asti ci ty  simulation  is 


discussed  further  in  Section  3. 3. 8. 1.4. 
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It  is  estimated  that  the  addition  of  body  bending  and  fuel  sloshing  will 
result  in  the  following  core  and  time  increments:  •- 

SLOSHING  BENDING 

.Increase  in  number  of 

executable  instructions  ■ - ■ 450  4,500 


Increase  in  number  of 
instructions  executed  per 
second 

Increase  in  data  pool 


170,000 

.1,600 


260,000 

1,000 


cn 
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3. 3. 8.1.3- 


The  shuttle  vehicle  mass  properties  simulation  must  calculate  the 


current  vehicle  mass,  center  of  mass,  and  inertial  tensor  for  the  vehicle  equations 
of  mqtion.  Mass  properties  will  be  calculated  in  the  B coordinate  system.  In 
order  to  accomplish  this,  the  mass  properties  simulation  obtains  information  on 
mass  and  mass  distribution  of  on-board  consumables  from  the  simulated  vehicle 
systems,  and  on  vehicle  configuration  from  the  environmental  control  system, 
payload  accommodation  system,  simulated  docking  system,  simulated  SRM's,  and 
simulated  external  tank.  The  mass  properties  simulation  accepts  the  following 


specific  dynamic  inputs: 


MPS  Fuel /Oxidizer 


Consumables 


Center  of  Mass 


Inertial  Tensor 
(about  own  C.M. ) 


SRM  Fuel 
RCS  ProDellant 


. 0MS  Fuel /Oxidizer 


4_  X 


- APBS  Fuel 


APU  Fuel 


Cryogenics  Reactant 
Water  - — ; 1 — 


'i  i"  I" 


I I ; 
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SRM's 

External  tank 
Payload  Doors 
Space  Radiators 
Payload  Manipulator 


Configuration 
Attachment  boolean 
Attachment  boolean 
Center  of  mass,  inertia 
Center  of  mass,  inertia 
Center  of  mass,  inertia 


tensor  about  own  C.M. 
tensor  about  own  C.M. 
tensor  about  own  C.M. 


Target  Vehicles 

Each  target  vehicle  Attachment/docked  status,  mass,  center  of  mass 

(shuttle  body  coordinates),  inertia  tensor  about 

own  C.M. 

Other  consumable  or  configuration  changes  are  not  expected  to  be  of  sufficient 
magnitude  to  warrant  simulation.  The  simulated  mass  properties  must  be  updated 
ten  times  per  second  during  boost.  At  other  times,  however,  mass  flows  are 
sufficiently  low  to  permit  slower  iteration  rates.  With  approximate  OMS  mass 
flow  Of.  .5  flas.  per  engine,  ABPS  mass  flow  of  '.6  f^3-,  and  RCS  mass  flow  of 
15  llM  per  jet.  an  update  rate  of  once  per  two  seconds  should  be  feasible. 
However,  to  correctly  simulate  docking/payload  attachment  effects,  must  faster 
response  is  required.  Whenever  any  change  in  docking  or  attachment  status 
takes  place,  its  effect  should  be  reflected  as  soon  as  possible  in  vehicle 
mass  properties.  Thus,  in  orbit,  the  portion  of  the  program  which  handles 
docked/attached  configurations  is  updated  ten  times  per  second.  The  conceptual 
design  is  illustrated  in  figure  3. 3. 8. 1.3-1. 
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/I ENTER 

10  PER- SEC  (BOOST) 
\EACH  2 SEC.  (OTHER 


COMPONENT 


MASSES 


(1)  SUM  COMPONENT 
MASSES  TO  OBTAIN 
SHUTTLE  MASS 

Ms=f (COMPONENT  MASSES) 


(2)  FIND  SHUTTLE  VEHICLE 
C.M.  VECTOR 

rcms  = f(Ms> 

COMPONENT  MASSES, 
COMPONENT  C.M.  VECTORS) 


COMPONENT 
C.M.  VECTORS 


COMPONENT 


INERTIA  TENSORS 


(3)  FIND  SHUTTLE 
VEHICLE  INERTIA 
TENSOR 


ENTER 

10  PER  SEC 
(EXCEPT  BOOST) 


CONFIG. 

CHANGES 


(5)  FIND  COMPOSITE  VEHICLE  MASS  PROPERTIES 

M = f(Ms,  attached  vehicle  masses) 

rcm  = f'(M,  Ms,  rcm  , ATTACHED  VEHICLE 

MASSES,  ATTACHED  VEHICLE  C.M. 
VECTORS) 

T = f11  ( Y*  M Y* 

^x.y.z.xy.xz.yz  1,2,3,4,5,6l  cm’  s’  cms’ 

SHUTTLE  VEHICLE  INERTIA  TENSOR; 

ATTACHED  VEHICLE  MASSES,  C.M. 

VECTORS,  AND  INERTIA  TENSORS) 


ATTACHED  VEHICLE  MASSES, 


C.M.  VECTORS,  INERTIA  TENSORS 


• FIGURE  3. 3. 8. 1.3-1 
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Symbol  Dictionary  for  Figure  3. 3. 8. 1.3-1 


Ix  cluster  x-axis  moment  of  inertia 

Iy  cluster  y-axis  moment  of  inertia 

lz  cluster  z-axis  moment  of  inertia 

IXy  cluster  x-y  product  of  inertia 

Iy2  cluster  y-z  product  of  inertia 


M ' total  cl uster  mass 
Ms  shuttle  vehicle  mass 
(exclusive  of  payloads) 
rcm  cluster  C.M.  position 

vector  (body  coordinates) 
rcms  shuttle  vehicle  C.M. 
position  (exclusive  of 
payloads) 


The  consumable  masses  will  be  added  to  the  vehicle  dry  mass,  a reset  constant, 
to  obtain  Ms.  Then,  rcnis  will  be  calculated  using  the  consumable  masses  and 
mass  centers,  masses  and  mass  centers  of  configuration  changeable  portions,  and 
the  mass  and  mass  center  of  the  remainder  of  the  vehicle.  Consumable  mass 
centers  not  specified  above  as  calculated  dynamically  will  be  represented  by 
reset  constants.  Shuttle  vehicle  inertia  tensor  (less  payloads)  will  be 
calculated  using  the  component  masses,  mass  centers,  and  inertia  tensors 
specified  above  (except  for  target  vehicles),  as  well  as  mass  properties  of 

fj 

the  remainder  of  the  vehicle.  When  a component's  inertia  tensor  is  not 
specified  above  as  calculated  dynamically,  it  will  be  assumed  that  all  its 
mass  is  concentrated  at  its  mass  center.  Once  shuttle  vehicle  (less  payload) 
mass  properties  are  found,  they  are  then  combined  with  mass  properties  of 
attached  payloads  to  obtain  cluster  mass  properties.  ; ~ ! i" 


C' 
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3. 3. 8. 1.4  Aerodynami cs 

The  simulated  shuttle  vehicle  aerodynamics  provides  forces  and 
moments  due  to  vehicle  motion  through  the  atmosphere  to  the  shuttle  vehicle  equa- 
tions of  motion.  Inputs  to  the  simulated  aerodynamics  include  vehicle  position, 
velocity,  altitude,  and  altitude  rate  (from  translational  E0M);  direction  cosine 
matrix  and  angular  velocity  (from  rotational  EOM);  aerosurface  deflections  (from 
Aerosurface  control);  proximity  aerodynamic  effects  (from  target  vehicle  aero- 
flight  aerodynamics);  pilot  barometric  correction  setting  (from  the  crew  station); 
and  wind  velocity/azimuth,  gust  settings,  sea  level  temperature,  and  barometric 
pressure  setting  (from  instructor  station).  Outputs  include  aerodynamic  force 
and  moment  (both  in  the  B coordinate  system),  ambient  and  dynamic  pressure,  true 
and  indicated  airspeed,  indicated  altitude,  ambient  outside  air  temperature,  and 
angles  of  attack  and  sideslip.  Vehicle  position  and  velocity  will  be  used  to 
calculate  velocity  with  respect  to  rotating  atmosphere  ,( taking  due  account  of  the 
current  E0M  coordinate  system).  Wind  and  rough  air  effects  are  then  included 
to  obtain  velocity  with  respect  to  the  moving  atmosphere,  which  is  then  rotated 
to  the  B- coordinate  system.  A prestored  wind  profile  (velocity  and  azimuth)  will 
be  utilized,  with  instructor  override  capability.  During  spaceflight  missions, 
provision  will  be  made  for  differing  wind  profiles  for  boost  and  entry.  During 

ti 

boost,  orbit,  and  high-altitude  phases  of  entry,  nominal  profiles  of  atmospheric 
density,  temperature,  and  pressure  versus  altitude  will  be  used.  During  low- 
altitude  phases  of  entry,  and  during  ferry  flights,  instructor  control  over 
atmospheric  conditions  will  be  provided  through  variable  settings  of  sea  level 
temperature  and  barometric  pressure.  In  this  regime,  simulation  of  atmospheric 
properties  will  be  based  on  pressure-altitude.  During  re-entry,  delta-effects 

X 

due  to  instructor  settings  will,,be  gradually  included  below  a specific  altitude, 
until  they  are  fully  effective  at  a lower  altitude,  in  order  to  provide  smooth 
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transition.  Separate  calculations  of  aerodynamic  forces  and  moments  are  provided 
for  each  of  the  three  principal  configurations  present  during  space  missions, 
namely,  orbiter  + tank  + SRM's  (first  stage),  orbiter  + tank  (second  stage),  and 
orbiter  alone.  Orbiter  alone  calculations  will  be  capable  of  simulating  both 
the  space  mission  and  ferry  mission  configuration  aerodynamic  properties.  Aero- 
dynamic forces  and  moments  will  be  computed  in  the  B-coordinate  system  for  both 
boost  configurations  and  in  stability  axes  during  orbi ter-al one  configuration. 
Stability  axis  forces  and  moments  will  be  transformed  to  the  B-coordinate  system 
before  exiting  the  program.  Aerodynamic  coefficients  will  be  simulated  using 
combinations  of  functions  of  one,  two,  and/or  three  variables,  constants,  and 
mathematical  expressions.  The  effects  of  vehicle  elasticity  on  vehicle  aero- 
dynamics will  be  simulated  in  the  conventional  manner  by  introducing1  aeroelastic 
corrections  into  the  aerodynamic  equations.  The  general  approach  will  be  to 
generate  aerodynamic  characteristics  of  a "clean"  aircraft  in  cruise  status. 
Incremental  effects  of  aerosurfaces , ground  or  target  vehicle  proximity,  etc. 
will  then  be  combined  with  the  above  to  obtain  all -condition  performance  simula- 
tion. Prime  aerodynamic  parameters  will  be  simulated  to  extended  values  of  angle- 
of-attack  and  sideslip  to  afford  reasonable  stalling  characteristics.  Definition 
of  parameters  upon  which  aerodynamic  coefficients  will  be  dependent  was  generally 
obtained  from  currently  existing  design  data,  which  is  incomplete.  As  additional 
data  becomes  available,  parameter  dependencies  below  should  be  reviewed  and 
revised  accordingly.  During  orbital  phases,  effects  upon  aerodynamic  forces  of 
aerosurface  deflections  will  not  be  simulated.  A high  aerodynamics  iteration  rate 
.during  entry  and  ferry, is  desirable  for  proper  simulation  of  higher  frequency 
effects  within  pilot  perception.  A rate  of  20  per  second  should  be  quite  adequate 
to  accomplish  this.  Current  Saturn  boost  simulations  have  run  successfully  with 
aerodynamics  update  rates  of  10  per  second.  However,  the  period  during  the  max-q 
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region  in  which  aerosurface  control  is  used  on  the  shuttle  may  render  desirable 
a higher  update  rate.  Thus,  at  this  time,  a 20  per  second  rate  is  specified  for 
boost  as  well.  During  orbital  phases,  aero  effects  are  noticeable  only  after 
extended  periods  of  time,  and  body  rates  (and  therefore  relative  wind)  do  not. 
change  rapidly  except  over  brief  periods  of  time.  Thus,  an  update  rate  of  twice 
per  second  should  be  quite  adequate  in  this  phase.  The  aerodynamics  conceptual 
design  is  sketched  in  Figure  3. 3. 8. 1.4-1. 
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SYMBOL  DICTIONARY  FOR  FIGURE  3. 3. 8. 1.4. 


CA 

axial  force  coefficient 

tsl~ 

sea  level  temperature 

CD 

- drag  coefficient 

V 

vehicle  velocity 

CL 

hft  coefficient 

vi 

indicated  airspeed 

c, 

rolling  moment  coefficient 
pitching  moment  coefficient 

-*• 

V , 
rb 

velocity  with  respect  to 
moving  atmosphere  (B  coordinate 

Cm 

system) 

CN 

normal  force  coefficient 
yawing  moment  coefficient 

Vi 

velocity  with  respect  to 
moving  atmosphere  (E0M 

V 

coordinate  system) 

Cy  ■ 

side  force  coefficient 

. ■ 

-> 

^aero 

total  aerodynamic  force 

Vt 

true  airspeed 

h 

altitude 

V 

speed  of  sound 

1 

h 

• altitude  rate 

a 

angle  of  attack 

^9inst 

instructor  baro  setting 

3 

sideslip  angle 

H^pilot 

pilot  baro  correction 

[y] 

direction  cosine  matrix 

hi 

indicated  altitude 

6a 

aileron  (differential  elevon) 

a 

def leti on 

hP 

pressure  altitude 

* 

aero 

total  aerodynamic  moment 

elevon  deflection 

Hn 

mach  number  . 

....  ..._•  ..  . . 

P ° 
amb 

ambient  pressure 

‘V 

rudder  deflection 

ps 

stability  axis  roll  rate 

•6rf 

rudder  flare 

■q 

dynamic  pressure  - • - 

p 

atmospheric  density 

r 

vehicle  position 

4- 

to 

vehicle  angular  velocity 

rs 

stability  axis  yaw  rate 

“y 

vehicle  body-axis  pitch  rate 

Tk 

absolute  air  temperature 

T0A 

. outside  air  temperature 

.....  - • (V 

• - — - 

t 
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Aeroelastic  effects  due  to  structural  bending  and  torsion 
will  be  simulated  should  it  become  necessary  to  include  flexible  body 
dynamics  in  the  shuttle  simulation.  The  basic  design  structure  of  the 
system  would  apply  additions  and  corrections  to  the  non-dimensional 
stability  coefficients  in  the  vehicle  aerodynamics  program. 

Aeroelastic  effects  will  be  simulated  during  a mated  ascent, 
staging,  entry/transition  and  cruise/landing  operations.  These  effects 
can  arise  during  these  operations  from  any  of  the  following: 

1.  Wing  torsion  and  bending  due  to:  ... 

a.  airloads  in  equilibrium  flight, 

b.  differential  elevon  deflection, 

- i * 

c.  ,:dead  weight"  distribution  when  the  vehicle  is 

■ -•  1 •- subjected  to  a normal  acceleration,  and 

d.  elevon  deflection. 

• J .2.  Vertical  tail  torsion  and  bending  due  to  rudder  deflection. 

*'•  3.  Fuselage  bending  and  torsion  due  to  airloads  on  the  vertical  tail 

4.  Fuselage  bending  due  to  "dead  weight"  distribution  when 
the  vehicle  is  subjected  to  a normal  acceleration. 

•; - - - The  magnitude  of  these  simulated  effects  for  any  particular 

© 

vehicle  configuration  of  a particular  flight  condition  is  dependent  on  the 
following  factors.  . „ . 

- : • : 1.  Dynamic  pressure.  ~ : ‘ - •••--  ~ f- 

i ,2.  Airframe  configuration. 

.... ; . ,i 3.(  Mach  number.  ..  . ..  . . : . . 

v-  • ' 4.-  Normal  acceleration.  ' ' .... 
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Aeroel as ti c ' effects  are  primarily  a function  of  dynamic  pressure, 
q.  By  definition,  q = .5pV2,  where  p is  the  density  of  air  and  V is  the 
true  forward  velocity.  Since  p decreases  as  altitude  increases  it  is 
clear' that  q increases  as  Mach  No.  increases  and  altitude  decreases.  If 
it  is  assumed  that  aeroelastic  effects  increase  with  q,  then  it  can  be 
concluded  that  the  magnitude  of  aeroelastic  effects  are  largest  when  the 

vehicle  is  at  high  speed  and  low  altitude. 

The  magnitude  and  more  importantly,  the  sign  of  aeroelastic 
corrections  to  the  rigid  body  stability  coefficientd  depends  to  a large 
extent  upon  the  configuration  of  the  vehicle.  In  the  case  of  shuttle,  the 
overall  configuration  will  change  from  launch  to  landing. 

•In  addition  to  determining  the  effect  of  dynamic  pressure, 
the  flight  Mach.  No.  is  important  in  determining  corrections  to  the 
stability  coefficients.  Since  the  distribution  of  air  loads  is  altered 
as  the  Mach  No.  is  changed,  the  resulting  aeroelastic  deflections  are 
also  affected  and  are  especially  critical  in  the  transonic  region. 

Depending  on  the  particular  vehicle  configuration,  aeroelastic 
effects  can  be  important  under  flight  conditions  involving  normal  accelerations 
other  than  one  "g".'  When  the  vehicle  is  subjected  to  accelerations  the 
dead  weight  of  the  body  produces  both  torsional  and  bending  deflections.  The 
correct  method  for  introducing  these  effects  into  the  dynamics  of  the  body 
is  to  provide  equations  of  motion  to  account  for  the  elastic  degrees  of 
freedom.  However,  if  the  motion  of  the  airframe  are  assumed  to  be  slow 
with  respect  to  the  elastic  frame,  the  inertial  effects  of  various  concentrated 
masses  relative  to  the  entire  mass  can  be  neglected.  It  may  be  concluded  that 
for  a stabilized  normal  acceleration  no  additional  equations  of  motion  are 
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required  and  aeroelastic  effects  may  be  taken  into  account  by  additions 
and  corrections  to  the  conventional  equations  of  motion. 

The  conceptual  design  for  aeroelastic  simulation  as  illustrated 
in  Figure  3.3.8. 1.4-2  takes  into  account  the  four  factors  described  and 
treats  them  as  separate  program  models.  To  accurately  simulate  the 
effects  due  to  dynamic  pressure,  airframe  configuration,  Mach  No.  and 
normal  acceleration,  shuttle  data  on  aeroelastic  response  must  be  available 
prior  to  implementation. 

In  addition  to  the  four  models  containing  response  data,  a 

control  program  is  required  to  read  the  data,  interpolate,  and  output 

coefficient  corrections  at  a compatible  simulation  rate. 

; ..  Coefficients  important  to  vehicle  stability  and  control  and  most 

likely  to  be  affected  by  aeroelasticity  are:  Cm  , Cm  , Cm.  , Cm  , CL  , CL.  . 

a a <$e  q a 6 a 

CIV.Cmsa-.CV  and  - 

. . . ; ...  . ; It  is  estimated  that  the  addition  of  the  above  described 
aeroelastic  simulation  will  result  in  an  increase  of  4,000  executable 
instructions  in  core,  a timing  increment  of  240,000  instructions  per 
second,  and  a data  pool  increment  of  1,600  values.  • 

! ' • # .....  ...  ........  j 

i ' r 

O 1 


AEROELASTICITY  PROGRAM 
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FIGURE  3. 3. 8.1. 


1 r"““ — — — - 

the  singer  company 

PAGE 

SIMULATION  PRODUCTS  DIVISION 

N0-  3-369 

BINGHAMTON,  NEW  YORK 

REP. 

NO. 

I Date  3/23/73 

REV. 


3.3.8. 2 Target  Vehicles 

The  target  vehicle  equations' of  motion  will  simulate  translational 
and  rotational  dynamics  for  up  to  eight  different  target  vehicles.  The  same 
basic  logic  will  be  used  for  each  of  the  eight  target  vehicles,  and  is  discussed 
below.  The  equations  of  motion  will  provide  generalized  simulations  of  rotational/ 
translational  propulsion  systems,  which  may  optionally  be  used  for  a given  payload. 
Alternately,  the  equations  of  motion  will  be  able  to  pick  up  rotational  moments, 
translational  forces,  and  mass  flow  from  specialized  payload  simulation  programs. 
The  generalized  propulsion  systems  will  be  configured  to  accept  inputs  from 
simulated  generalized  target  vehicle  guidance,  or  from  either  the  instructor 
or  simulated  shuttle  vehicle.  Generalized  propulsion  and  control  simulations  are 
used  for  the  reasons  stated  in  the  rationale  to  the  shuttle  Mission  Simulator 
Requirements  Report.  To  summarize  some  of  the  reasons,  some  target  vehicle 
dynamics  simulation  will  be  required,  especially  during  rendezvous  and  docking. 

Since  the  target  vehicle  may  be  active  during  part  of  rendezvous,  and  may  control 
its  own  attitude  during  station-keeping,  some  simulation  of  related  on-board 
systems  needs  to  be  present  in  these  cases.  To  check  out  the -initial  simulator 
fully,  some  such  simulation  should  be  present  in  the  initial  simulator.  It  should 
not  require  greatly  increased  effort  to  insert  the  above  generalized  simulations 
rather  than  a simulation  of  a particular  target  vehicle.  It  should  further  vastly 
reduce  the  otherwise  considerable  effort  required  to  update  the  simulator  to  an 
alternate  target  vehicle.  Provision  will  be  made  to  initialize  each  individual 
target  vehicle  simulation  either  upon  release  from  the  shuttle  vehicle  (or  its 
payload  manipulator),  from  shuttle  (or  manipulator)  dynamics  data,  or  at  a preset 
time  with  a preset  translational  and  rotational  state  vector.  Provision  will  be 
made  to  terminate  each  individual  target  vehicle  simulation'as: a function  of 
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distance  from  the  shuttle  vehicle,  which  distance  may  be  different  for  each 

individual  target  vehicle.  Provision  will  be  made  to  permit  two  different 

termination  distances  for  the  external  tank,  one  for  dynamic  pressure  at  separation 
2 

less  than  2 lb/ft  and  the  other  for  larger  dynamic  pressures.  Termination 
distances  and  initialization  option  (and  initial  state  and  time  for  the  preset 
initialization  option)  will  be  determined  by  reset  terms.  The  conceptual  design 
for  target  vehicle  equations  of  motion  has  been  subdivided  into  five  subsystems, 
interrelated  as  shown  below.  For  a given  vehicle,  either  aeroflight  aerodynamics 
or  spaceflight  aerodynamics  will  be  executed,  but  not  both.  Aeroflight 
aerodynamics  will  be  executed  for  SRM's  and  external  tank,  while  spaceflight 


aerodynamics  will  be  executed  for  all  other  target  vehicles. 


Moments  from  Simulated 

Mass  Loss  from  - ;•  On-Board  Systems;  Guidance/ 
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3. 3.8. 2.1  Translational  EOM  and  Propulsion 

The  simulated  target  vehicle  translational  equations  of  motion  maintain 
target  vehicle  or  payload  c.  m.  positions  and  velocities  when  not  attached  to  the 
shuttle  vehicle  or  manipulator.  Inputs  to  the  equations  of  motion  are  thrust  force, 
aerodynamic  forces,  docking  mechanism  forces,  and  vehicle  mass.  Vehicle  mass  is 
obtained  from  simulated  target  vehicle  mass  properties,  and  aerodynamic  forces  from 
simulated  target  vehicle  aerodynamics.  Thrust  force  may  be  obtained  either  from  a 
specific  target  vehicle  propulsion  system  simulation  proqram  or  from  a generalized 
approximate  thrust  simulation  located  within  the  translational  EOM  proqram.  Any 
specific  target  vehicle  prooulsion  system  simulation  program  will  be  added  later 

ft' 

by  modification  (excepting  boost  SRM's  and  external  tank),  and  will  not  form  a part 

of  the  delivered  simulator.  The  translational  EOM  program  will,  however,  contain 

the  necessary  interface  to  permit  addition  of  such  a specific  program  without 

modification  to  translational  EOM.  The  generalized  thrust  approximator  wi  11  form 

* 

a part  of  the  initial  simulator.  A reset  boolean  will  be  provided  to  bypass  the 
routine  (it  is  bypassed  if  no  translational  propulsion  system  exists  on  a target 
vehicle,. or  if  the  propulsion  system  is  simulated  elsewhere  in  detail).  Thrust  and 
associated  mass  flow  rate  will  be  obtained  by  reset  constants  when  the  engine(s) 


fire,  and  will  be  zero  at  other  times.  Engine  firing  times  and  durations  will  be 
obtained  from  the  simulated  generalized  target  vehicle  guidance,  with  instructor 
' override  provi ded.  Thrust  force  from  the  generalized  engine  will  always  act  alono 
the  body  longitudinal  axis  and  directly  through  the  vehicle  mass  center.  Body 
forces  will  be  summed,  transformed  to  the  T system,  and  divided  by  mass  to  obtain 
accelerations.  Two  integration  loops  will  be  provided  which  calculate  gravity  and 

t * 

integrate  total  acceleration  to  obtain  velocity  and  position.  The  loop  in  use  at 
a given  time  is  determined  on  the  basis  of  the  current  magnitude  of  body  accelera- 
nt " tion.  Above  the  threshold  accelerationtmagnitude,  the  high-speed  loon  is  used. 
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below  it,  the  low-speed  loop  is  used.  The  high-speed  loop  will  be  essentially 
the  same  as  the  non-orbit  loop  in  shuttle  translational  EOM  and  the  low-speed 
loop  will  be  essentially  the  same  as  the  orbit  loop  in  shuttle  translational  EOM. 

The  descriptions  and  explanations  concerning  these  loops  in  section  3. 3. 8. 1.1 

apply  here  as  well.  A number  of  parameters  are  then  generated  for  display  purposes, 

including 

orbital  elements 

shuttle  - target  vehicle  range 

shuttle  - target  vehicle  range  rate 

target  vehicle  azimuth  and  elevation  (from  shuttle) 

For  atmospheric  target  vehicles  (SRM's,  external  tank),  a check  will  be  made  for 

recontact.  For  this  purpose,  the  shuttle  fuselage  will  be  approximated  as  a 

rectangular  solid,  and  wings  and  vertical  stabilizer  by  infinitely  thin  planar 

surfaces.  The  target  vehicle  will  be  approximated  as  a cylindrical  solid.  Target 

vehicle  translational  state  will  be  updated  10  times  each  second.  During  powered 

flight,  this  rate  should  provide  adequate  accuracy.  During  coasting  orbital  flight, 

* 

the  iteration  rate  of  the  extrapolation  portion  of  the  integration  scheme  has 
practically  no  influence  on  accuracy.  This  rate  should,  however,  be  adequate  to 
prevent  noticeable  jumps  in  relative  state.  During  sten-ahead  mode,  the  approach 

o 

used  for  shuttle  state  advancement  described  in  section  3. 3. 8. 1.1  will  also  be 
used  for  target  vehicle  state  advancement.  The  conceptual  design  for  target 
vehicle  translational  EOM  is  sketched  in  figure  3. 3. 8. 2. 1-1. 
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Symbol  -Dictionary  for  Figure  3.3 

target  vehicle  body  acceleration 

target  vehicle  gravitational 
acceleration 

intermediate  gravitational 
acceleration 

i n t e rmed i a te  gravitational 
acceleration 

intermediate  gravitational 
acceleration 

low  speed  loop  acceleration 
tolerance 

target  vehicle  azimuth  with 
respect  to  shuttle  body 

target  vehicle  elevation  angle 
'with  respect  to  shuttle  body 

aerodynamic  force  on  target 
vehicle 

total  body  force  on  target 
vehicle  (TV  body  coordinate) 

docking  force  on  target  vehicle 

total  body  force  on  target 

thrust  force  on  target  vehicle 


flag  indicating  tv  contact  with 
shuttle  vehicle 


Runge-Kutta  logic  flag 
total  target  vehicle  mass 

shuttle  position 

target  vehicle  range 

vector  from  shuttle  to  target 
vehicle  * 

target  vehicle  position 


.2.1-1 

rtvref 

Encke  reference 
position 

-*• 

rtyupd 

target  vehicle  position 
at  last  low  speed  loop 
update 

• 

rs/tv 

target  vehicle  range 
rate 

-y 

V 

shuttle  velocity 

-y 

vtv 

target  vehicle  velocity 

^tyupd 

target  vehicle  velocity 
at  last  low  speed  loop 
update 

Ytv 

target  vehicle  fl ight 
path  angle 

Cy3 

shuttle  attitude 
direction  cosines 

CYVtv 

shuttle  body  to  target 
vehicle  body  direction 
cosines 

^v 

target  vehicle  attitude 
direction  cosines  ~= 

*)■ 

Ar.  . • 
btv 

delta  position  due  to  •, 
body  acceleration  since 
last  update 

Ar  ■ 
gtv 

delta  position  due  to 
gravitational  accelera- 
tion since  last  update 

k, 

btv 

delta  velocity  due  to  , 

• body  acceleration  since 
last  update 

AVgt  v 

\ 

delta  velocity  due  to 
gravitational  accelera- 
tion since  last  update 

tetv 

* time  since  last  low 
speed  loop  update 

-398-8- 


date  3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE 

no.  3-376 

REV , 

BINGHAMTON,  NEW  YORK 

REP. 

NO. 

3. 3. 8. 2. 2 Rotational  .EOM  and  Attitude  Control 

The  simulated  target  vehicle  rotational  equations  of  motion  maintain 
target  vehicle  or  payload  attitudes  and  attitude  rates  when  not  attached  to  the 
shuttle  vehicle  or  manipulator.  Inputs  to  the  equations  of  motion  are  attitude 
control  moments,  thrust  moments,  aerodynamic  moments,  moments  exerted  by  the  docking 
mechanism,  and  vehicle  mass  center  and  inertia  properties.  Mass  center  and  inertia 
properties  are  obtained  from  simulated  target  vehicle  mass  properties,  and  aero- 
dynamic moments  from  simulated  target  vehicle  aerodynamics.  Attitude  control 
moments  may  be  obtained  either  from  a specific  target  vehicle  control  system  simu- 
lation program,  or  from  a generalized  approximate  control  logic  and  thruster 
simulation  located  within  the  rotational  EOM  program.  Any  specific  target  vehicle 
control  system  simulation  will  be  added  later  bv  modification,  and  will  not  form  a 
part  of  the  initial  simulator.  Target  vehicle  rotational  EOM  will,  however,  contain 
the  necessary  interface  provisions  to  permit  addition  of  such  a specific  program 
without  modification  to  rotational  EOM.  The  generalized  approximate  control  logic 
and  thruster  simulation  will  form  a part  of  the  initial  simulator.  A reset  boolean 
-will  be  provided  to  bypass  this  routine  (it  is  bypassed  if  no  attitude  control 
system  exists  on  the  vehicle  or  the  attitude  control  system  is  simulated  elsewhere 
, in  detail).  Attitude  commands  will  be  obtained  from  simulated  target  vehicle 
guidance,  the  shuttle  vehicle,  or  the  instructor.  Reset  terms  will  be  used  to 
approximate  the  control  phase  plane  logic.  The  phase  plane  will  be  assumed  to  be 

symmetric  with  respect  to  positive  or  negative  rates,  and  identical  for  all  three 

body  axes.  Up  to  five  segments  (linear  or  quadratic)  may  be  used  to  define  the 

upper  deadband  limits,  and  up  to  four  may  be  used  for  the  lower  deadband  limit. 

Up  to  five  rate  command  regions  may  be  defined  in  the  upper  region  outside  the 
deadband;  up  to  two  regions  in  the  lower.  Linear  or  quadratic  segments  may  be 
used  to  separate  these  regions.  The  rate  command  in  each  region  may  be  expressed  as 
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a first-order  function  of  rate  and  position  error.  Only  as  many  segments  and 
regions  as  needed  must  be  used.  Segments  boundino  region  and  the  deadband,  as 
well  as  formulae  for  commanded  rate  change  in  each  region  will  be  defined  by 
reset  constants.  Total  reaction  control  moment  about  each  axis  will  also  be 
defined  by  reset  constants.  The  above  generalized  phase  plane  loaic  will  be 
capable  of  simulating  the  nominal  shuttle  orbiter  phase  plane;  the  only  approx- 
imations required  being  of  the  formulae  for  the  commanded  rate  changes  in  two  of 
the  seven  firing  regions.  Target  vehicles  controlled  by  CMG's  characteristically 
possess  very  slow  attitude  response.  It  is  expected  that  any  CMG  controlled 
payloads  will  not  exhibit  substantial  attitude  channe  during  the  probably  brief 
period  in  which  they  are  in  close  visual  contact  with  the  shuttle.  Their  attitudes 
should  remain  inertially  fixed.  Thus,  provision  is  made  to  bypass  rotational  EOM 
entirely  for  such  payloads,  providinn  an  inertially  fixed  attitude.  In  a case  in 
which  better  simulation  is  required,  a, modification  can,  of  course,  be  readily 
added.  Reaction  control  moments  will  be  added  to  aerodynamic  moments  and  thrust 
moments  (from  any  special  simulation  - the  generalized  engine  in  translational 
EOM  generates  no  torque).  Gravity  gradient  moments  will  be  calculated  and  included. 
Euler's  equations  will  be  solved  to  obtain  angular  accelerations,  which  will  be 
integrated  to  obtain  angular  rates.  Rates  wi 11  - be  integrated  to  obtain  direction 
cosines  in  a fashion  similar  to  that  described  for  shuttle  vehicle  rotational  EOM 
' in  section  3. 3. 8. 1.2.  The  direction  cosine  matrix  will  transform  from  the  B 
coordinate  system  to  the  T coordinate  system.  Target  vehicle  rotational  EOM  will 
be  updated  10  times  each  second.  This  should  be  adequate  for  purposes  of  crew 
perception,  and  is  sufficient  for  interface  with  translational  EOM.  The  conceptual 

design  for  target  vehicle  rotational  EOM  is  sketched  in  figure  3. 3.8. 2. 2.-1 . . 

: \ 
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Symbol  Dictionary  for  Figure  3. 3. 8. 2. 2-1 


"aerot  target  vehicle  aero  moment 


1-dock.j-y  target  vehicle  docking  moment 


target  vehicle  gravity  gradient 


■RCSt  target  vehicle  RCS  moment 


Lthru$t^v  target  vehicle  thrust  moment 



L£V  target  vehicle  total  moment 

rtv  target  vehicle  inertial  position 

[y]  direction  cosines,  shuttle  to  inertial 

Cy]  •/.  direction  cosines,  shuttle  to  target 


[YVtv 


ty]tv  direction  cosines,  target  to  inertial 


target  vehicle  angular  velocity 
target  vehicle  angular  acceleration 


aMrcs  mass  loss  due  to  RCS  thrusting 


AWtv  desired  target  vehicle  rate  change 
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3. 3. 8. 2. 3 Mass  Properties 

Many  target  vehicles  will  not  require  a dynamic  real-time  mass  properties 
simulation.  Over  the  interval  of  interest,  changes  in  mass  properties  will  be 
negligible.  Other  target  vehicles,  e.g.  those  with  propulsive  stages,  will  demon- 
strate significant  changes  in  mass  properties.  Thus,  reset  booleans  will  be  nrovided 
which  will  allow  dynamic  mass  nronerty  simulation  to  be  bypassed  for  certain  target 
vehicles.  Certain  other  target  vehicles  (e.g.,  SRM's  external  tank)  will  have 
their  mass  properties  calculated  elsewhere  (in  the  cases  of  SRM's  or  external  tank, 
in  the  appropriate  on-board  system  simulation  programs).  . Thus,  in  those  cases  also, 
the  target  vehicle  mass  properties  simulation  is  bypassed.  In  those  cases  in  which 
the  simulation  is  not  bypassed,  inputs  to  the  simulation  are  engine  mass  flow  and 
reaction  control  system  mass  flow.  Total  mass  is  decremented  accordingly.  Provision 
will  be  made  to  permit  interpolation  on  mass  to  obtain  target  vehicle  center  of  mass 
arid  tensor  of  inertia.  Obtaining  mass  center  and  inertia  tensor  as  functions  of 
mass  has  been  used  previously  on  the  CMS  booster  simulation,  and  has  provided 
acceptable  accuracy.  Similar  accuracy  standards  should  be  acceptable  for  almost 
all  target  vehicle  simulation.  An  interpolation  approach  will  also  be  relatively 
easy  to  update  to  a different  target  vehicle.  An  iteration  rate  of  twice  per 
second  is  estimated,  under  fairly  conservative  rocket  assumptions,  to  reauire  a 1/2 
second  overburn  to  erase  resulting  error  on  a 7000  ~ AV  burn,  which  should  be 
quite  acceptable  in  terms  of  ability  of  the  crew  or  ground  to  notice.  Mass  distri- 
bution parameters  could  probably  be  iterated  even  more  slowly,  if  time  is  critical. 
The  conceptual  design  is  sketched  in  figure  3. 3.8. 2. 3-1.  V 
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Symbol  Dictionary  for  Figure  3.3. 8. 2. 3-1 


target  vehicle 
inertia  tensor 

^RCS 

target  vehicle 
total  mass 

^thrust 

target  vehicle  mass 
center  location  (T/V 
body  axes) 


mass  loss  due  to  target 
vehicle  RCS  thrusting 

mass  loss  due  to  target 
vehicle  engine  firing 
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3. 3. 8. 2. 4 Aerof light  Aerodynamics  . 

The  simulated  target  vehicle  aeroflight  aerodynamics  calculates 
aerodynamic  forces  and  moments  on  detached  target  vehicles  operating  within  the 
atmosphere,  (namely  boost  SRM's  and  external  tank)  and  proximity  atmospheric 
effects  upon  both  shuttle  vehicle  and  target  vehicle.  Inputs  to  simulated  aero- 
flight aerodynamics  include  target  vehicle  position,  velocity,  and  attitude 
(target  vehicle  translation  E0M),  target  vehicle  attitude  direction  cosines  (target 
vehicle  rotational  E0M),  target  vehicle  center  of  mass  (target  vehicle  mass 
properties)  wind  and  rough  air  effects  (shuttle  aerodynamics),  shuttle  position 
(shuttle  translational  E0M),  and  shuttle  attitude  direction  cosines  (shuttle 
rotational  E0M).  Velocity  of  the  target  vehicle  with  respect  to  the  moving 
atmosphere  is  calculated  in  the  target  vehicle  body-fixed  coordinate  system  using 
the. same  wind  and  rough  air  effects  which  are  included  in  shuttle  aerodynamics. 
Speed  of  sound  and  atmospheric  density  are  obtained  from  the  same  median  profiles 
used  by  shuttle  aerodynamics  as  functions  of  altitude  only.  Proximity  effects 
will  be  calculated  as  functions  of  mach  number  and  target  vehicle  displacement 
for  both  vehicles.  Aerodynamic  forces  and  moments  are  computed  in  the  target 
vehicle  body  fixed  coordinate  system.  Proximity  effects  will  be  included  with 
isolated  body  characteristics  by  multiplicatire  and  additive  factors  to  obtain 
total  forces  and  moments.  Definition  of  parameters  upon  which  aerodynamic  co- 
efficients will  depend  and  the  mode  of  calculation  of  moments  was  generally  ob- 
tained from  existing  incomplete  data.  As  additional  data  appears,  parameter 
dependencies  below  should  be  reviewed  and  revised  accordingly.  An  iteration  rate 
of  10  per  second  should  prove  adequate  for  simulation  of  proximity  effects,  and 
.other  accuracy  requirements  are  much  lower.  The  conceptual  design  is  sketched  in 

......  V , , 

figure  3. 3.8. 2.4-1 * 
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• Symbol  Dictionary  for  Figure  3.3. 8. 2. 4-1 


CAtv 

target  vehicle  axial 
force  coefficient 

CNtv"  ’ 

target  vehicle  normal 
force  coefficient 

CHv 

target  vehicle  side 
force  coefficient 

-y 

Faerotv 

target  vehicle 
aerodynamic  force 

htv 

target  vehicle  altitude 

~y 

Laerotv 

target  vehicle 
aerodynamic  moment 

H"tv 

target  vehicle 
mach  number 

qtv 

target  vehicle 
dynamic  pressure 

4- 

r 

shuttle  position 

rcmtv 

target  vehicle  c.m. 
location 

rcPtv 

target  vehicle  center 
of  pressure  position 

*tv 

0 

target  vehicle  position 

i 

i 


Sfr  target  vehicle  velocity 

tv  with  respect  to  moving 

atmosphere 

V s target  vehicle  speed 

v of  sound 

V target  vehicle  velocity 

tv 

a target  vehicle  angle 

':v  of  attack 

8fv  target  vehicle  sideslip  angle 

•F 

[y]  shuttle  vehicle 

direction  cosines 

[y]  target  vehicle 

tv  direction  cosines 

p target  vehicle 

tv  atmospheric  density 


i . ! 


< 

CD 


6 


i 


to 

<T> 

O') 


CJi 
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3 . 3 . 8 . 2 . 5 Spaceflight  Aerodynamics 

The  simulated  target  vehicle  spaceflight  aerodynamics  calculates 
aerodynamic  forces  and  moments  on  detached  spaceflight  target  vehicles  (all 
target  vehicles  except  boost  SRM's  and  external  tank).  Inputs  to  simulated 
spaceflight  aerodynamics  include  target  vehicle  position,  velocity,  and  altitude 
(target  vehicle  translational  E0M}*  and  target  vehicle  attitude  direction  cosines 
(target  vehicle  rotational  E0M).  Velocity  of  the  target  vehicle  with  respect  to 
the  atmosphere  is  calculated  in  the  target  vehicle  body-fixed  coordinate  system, 
assuming  an  atmosphere  rotating  uniformly  with  the  earth.  Atmospheric  density  is 
obtained  from  the  same  median  profile  used  by  shuttle  aerodynamics  as  a function 
of  altitude  alone.  Definition  of  parameters  upon  which  aerodynamic  cooefficients 
will  depend  was  generally  obtained  from  existing  incomplete  data.  As  additional 
data  appears,  parameter  dependencies  below  should  be  reviewed  and  revised  accord- 
ingly. An  iteration  rate  of  twice  per  second  is  chosen  to  match  that  of  orbital 
shuttle  aero.  It  can  be  justified  for  the  reasons  given  in  section  3. 3. 8.1.4., : 
The  conceptual  design  is  sketched  in  figure  3.3.8.2.5.-1 . 
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Symbol  Dictionary  for  Figure  3. 3. 8. 2. 5 


CAtv 

target  vehicle  axial 
. force  coefficient 

rtv 

O 

c* 

< 

target  vehicle  rolling 
moment  coefficient 

Sntv 

target  vehicle  pitching 
moment  coefficient 

?tv 

Cntv 

target  vehicle  yawing 
moment  coefficient 

®tv 

C'Ntv 

target  vehicle  normal 
force  coefficient 

3tv 

CYtv 

target  vehicle  side 
force  coefficient 

Faerotv 

target  vehicle  aerodynamic 
force 

ptv 

htv 

target  vehicle  altitude 

t 

Laerotv 

target  vehicle  aerodynamic 
moment 

* 

«tv 

target  vehicle  dynamic 
pressure 

< 
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.-1 


target  vehicle  position 

target  vehicle  velocity 
with  respect  to  moving 
atmosphere 

target  vehicle  velocity 

target  vehicle  angle 
of  attack 

target  vehicle  sideslip  angle 

target  vehicle  direction 
cosines 

target  vehicle  atmospheric 
density 
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3.3.8. 3 Ephemeri s . 

The  real-time  ephemeri s program  must  perform  two  functions: 
determine  earth  orientation 
• determine  directions  of  celestial  bodies 
at  any  point  in  time  during  the  mission.  Accordinly,  the  real-time  ephemeris 
program  may  be  functionally  conceived  as  follows: 


EPHEMERIS 


3. 3. 8. 3.1  Earth  Orientation  i 1 • ■ • 

The  precession  and  nutation  of  the  earth's  equator  and  the  rotation 
- -of  the  earth  about  its  polar  axis  determine  the  orientation  of  the  earth  in 
inertial  space.  Over  a period  of  seven  days,  reorientation  of  the  equator  due 
'to  precession  and  nutation  are  not  significant  (less  than  two  arc-seconds  in 
-any  axis).  Thus,  it  will  be  assumed  that  the  equinox  and  spin  axis  remain 
inertially  fixed  over  that  period.  The  earth's  spin  may  be  described  by  the 
True  Greenwich  Hour  Angle,  which  is  the  angle  from  the  true  vernal  equinox  to 
•the  intersection  of  the  Greenwich  Meridian  and  the  Equator.  To  achieve  the 
required  accuracy  of  + 2 arc-seconds,  without  perceptible  jitter,  the  Hour 
Angle  will  be  updated  ten  times  per  second.  The  Earth's  axial  rotation  rate 

■..its  1 • • : • i * ; 
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• apc-c 6C  * 

is  about  15  — Thus,  at  this  iteration  rate,  the  Hour  Angle  is  always 

maintained  within  + 1.5  arc-sec.,  which  is  equivalent  to  about  150  feet 

(ground-track)  at  the  equator.  No  formal  calculation  of  an  earth-fixed  to 

inertial  coordinate  transformation  matrix  will  be  performed.  As  the  T 

coordinate  system  is  used  for  the  inertial  system  and  the  E coordinate  system 

is  used  for  the  earth-fixed  system,  this  transformation  consists  solely  of  a 

rotation  through  the  Hour  Angle.  This  can  be  most  efficiently  accomplished 

by  an  angle  rotation  rather  than  a matrix  multiplication.  Hence,  the  sine  and 

cosine  of  the  Hour  Angle  are  maintained  rather  than  a transformation  matrix. 

The  conceptual  design  is  presented  in  figure  3. 3. 8.3-1., 


ENTER 

10  PER  SEC 


(1)  FIND  GREENWICH 
HOUR  ANGLE 

9GHA  = ®GHAq  + we  t 


# '(2)  FIND  TRIG  FUNCTIONS 
OF  OGHA 

CGHA  = COS  (0GHA) 

SGHA  - SIN  (6GHA) 


eGHA 


Figure  3.3. 8.3-1 


CGHA  cosine  of  eG|^A 
SGHA  sine  of  ©G^A 


Symbol  Dictionary  for  Figure  3.3. 8.3-1 
eGl^A  --  . . 0GI^a  True  Greenwich  Hour  Angle 

HA  j 0GHAO  True  Greenwi,ch  Hour  Angle  at 

y . _ • . . .1  iftoff  (reset  constant) 

elapsed  time  since  liftoff  Wjr  Hour  Angle  rate  (reset  constant) 
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If  it  is  desirable  to  save  time  at  the  expense  of  core,  numerous 
time-consuming  calculations  of  the  exact  trig  functions  of  ©q^  can  be  avoided. 
The  exact  trig  functions  can  be  calculated  only  once  every  five  seconds, 
while  CGHA  and  SGHA  are  updated  in  the  interim  using  the  following  approxi- 
mations: 

SIN  (0  +ag)  a SIN  q + (a©)  COS0 
COS  (0  +ao)  = COS  0 - (a©)  SIN© 

This  procedure  will  not  create  errors  exceeding  2X1 0-9  in  the  trig  functions, 
which  is  quite  acceptable. 

3. 3. 8. 3. 2 Celestial  Bodies  < 

The  inertial  directions  (from  the  vehicle)  of  the  following 
celestial  bodies  will  be  maintained: 

•b 

Sun  (also  solar  occlusion  will  be  calculated) 

Moon  , 

-■!-  Planets  (Mercury,  Venus,  Mars,  Jupiter,  Saturn) 

, Stars  (detectable  by  star  tracker) 

Planetary,  lunar  and  solar  directions  will  take  into  account 
both  the  changing  true  directions  of  the  other  celestial  bodies  with  respect 
to  the  earth,  and  the  position  of  the  vehicle  with  respect  to  the  earth. 
Relative  motion  of  sun,  stars,  ecliptic  plane  and  equatorial  plane  are 
negligible  over  the  duration  of  a mission,  compared  to  the  tolerances  specified 
in  the  requirements.  They  will  be  ignored.  Stellar  parrallax  is  negligible 
(less  than  + 1 arc-second).  Thus,  true  directions  of  the  stars  will  be 
provided  in  a table  of "reset  constants.  Aberration  effects  can  reach 
25  arc-seconds  for  solar,  planetary,  and  stellar  observations,  so  they  must 

. . • v • 

be  included.  Lunar  abe'rration  is  much  less  (about  5 arc-sec  maximum)  and  can 

* 

be  ignored.  The  program  will  calculate  the  apparent  positions  of  sun  and 
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planets  only.  Since  apparent  position  of  only  a few  particular  stars  must  be 
known  at  any  given  time,  it  is  more  efficient  to  perform  abberration  corrections 
in  the  using  programs  (e.g.,  star  tracker)  for  just  those  stars  required.  The 
ephmeris  will,  however,  provide  certain  generalized  terms  used  in  the  calcu- 
lation of  stellar  aberration.  True  earth-referenced  positions  and  velocities 
(velocities  are  required  for  aberration  correction)  of  sun,  moon,  and  planets 
will  be  obtained  in  real-time  by  interpolation  on  pre-stored  tables.  Jet 
Propulsion  Laboratory  (JPL)  Ephemeris  tapes  will  serve  as  the  source  for  the 
pre-stored  tables.  JPL  tapes  contain  data  up  to  the  year  2000.  The  reset 
generator  program  will  scan  the  JPL  tape,  and  strip  and  condition  appropriate 
blocks  of  data  for  use  by  the  real-time  program.  Time  tags  will  be  changed  to 
reflect  mission  elapsed  time.  Interpolation  will  be  done  using  an  Everett's 
interpolation  scheme.  All  directions  will  be  output  in  the  appropriate  T 
coordinate  system.  Since  JPL  data  (and  probably  star  data)  will  be  in  the  S 
coordinate  system,  the  reset  generator  will  reform  the  necessary  transformation 
to  place  it  in  the  T coordinate  system.  To  remain  safely  within  tolerances 
specified  in  the  requirements,  the  following  minimum  iteration  rates  are 
desirable: 


* 

— Moon 

once  per  5 seconds 

**  1 

Mercury 

once  per  45  seconds 

Venus 

once  per  75  seconds 

\ . . . _ 

— ! — . 

Mars 

once  per  1-3/4  minutes 

i 

1 

* * , • — 

Jupiter 

once  per  3-1/2  minutes 

Sun  * 

once  per  5 minutes 

i . 

i 

Saturn 

once  per  7 minutes 

: , 

\ : . 

Stars 

once,  per  15  minutes 

• ■ ; 

, : , i i 

• 1 
i • ' ; J t 

' 0 : 

! 

i 

: ‘ j* 
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While  a slower  iteration  rate  than  once  per  five  seconds  is'feasible  for  all 
bodies  except  the  moon,  it  is  questionable  whether  the  amount  of  time  saved 
would  justify  the  ensuing  conceptual  complication  (or  small  additional  core 
requirement).  Since  orbital  sunrise  requires  about  eight  seconds,  such  an 
update  rate  for  solar  occlusion  should  be  acceptable.  The  resulting  conceptual 
design  is  sketched  in  figure  3. 3. 8. 3-2. 
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Symbol  Dictionary  for  Figure  3. 3. 8.3-2 
C speed  of  light  (constant)  . Us 

Nso  boolean  indicating  solar 

• : occultation  vehicle  position 

(T  system)  us 

t _ elapsed  time  since  liftoff  V 

Um  unit  vector  in  direction  of  moon 

Um  o o a c unit  vector  in  apparent 
.direction  of  planet 
U pi  2345  true  position  of  planet 


unit  vector  in 
apparent  direction 
of  sun 

true  position  of  sun 
vehicle  inertial 
velocity  (T  system) 


' ces 


(Voc) 


V 


es 


1 

c vves' 
velocity  of  earth 


• ; about  sun 

Vp]  2345  velocity  of  planet 
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3.3.9  Thermal  System  • 

The  Thermal  System  is  divided  into  three  major  subsystems:  Thermal 

Protection  (TPS),  Thermal  Control  (TCS)  and  Environmental  and  Life 
Support  (ECLSS). 

Throughout  the  Thermal  System  Simulation,  the  laws  of  conservation  of 
, mass  and  energy  will  be  applied.  For  example,  heat  exchangers  and 
coldplates  will  transfer  heat  to  the  coolant  medium  (water,  freon, 
etc.)  according  to: 

Qri  . 


4T1  ' 


H,CP1 


where:  aT,  = outlet  temperature  minus  inlet  temperature 

t I 

• 

Q^n=  heat  transfer  rate  into  coolant 
W-|  = flow  rate  of  the  coolant 
Cpi  = specific  heat  of  the  coolant 

Then  the  temperature  change  across  heat  generating  (absorbing)  components 
can  be  gi ven  as : • 

Tout'Tin+  / ..  ' ...■  J 

t 

where:  T0'u^=  coolant  outlet  temperature  ! / 

T-j^  = coolant  inlet  temperature 

K = iteration  rate  (executions/unit  time)  . •-!. 

I 

The  calculations  for  the  heat  transfer  rate,  Qin,  will  account  for  : 
coolant  properties,  physical  dimensions  and  flow  characteristics: 


^in-  = f(Dl ,W1 ,CP1 ,K1 ,aT2,aX1 ,K2,A1 ^ 
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where:  D-j  = effective  diameter  of  coolant  passage 

K.|  = thermal  conductivity  of  coolant 
AT?  = temperature  difference,  coolant  to. component. 
AX-j  = effective  conduction  thickness 

= thermal  conductivity  of  component  material 
A-j  = area  of  heat  flux 


Radiation  heat  transfer  calculations  will  be  derived  from  the 
general  equation: 

• «em  = Tl4> : ; ; 1 * 

where  Qern  = heat  transfer  rate  due  to  radiation 

e.  = emissivity  of  the  radiative  surface 
y Stef an-Boltzmann  constant 
T-j  = surface  temperature 
This  basic  equation  will  be  modified  for  specific  applications  to 
consider  surface  areas  and  geometric  configuration.  For  exterior 
vehicle  calculations,  solar  radiation  and  radiation  emitted  and  re- 
flected from  the  earth  will  be  included  as  well  as  shadowing  effects 
.where  they  apply.  - • » — • -4 — : — ....  .. 


The  net  result  of  heat  fluxes  into  and  out  of  a given  volume  of  any 
material,  solid,  liquid  or  gas  will  be  calculated  by  the  equation: 

^ = f^E^RAD  + ^COND  + %0NV^.._  J—  1 i 

. ! ' . i | : 

. where :Q  = net  heat  transfer  rate  — L- - 

■ Qrad  = heat  transfer  due  to  radiation  ' ! ' 1 

' i .... 

•.  - . . - - • 

Qcqnd  = heat  transfer  rate  due  to  conduction 
q = heat  transfer  rate  due  to  convection  : 

The  net  heat  transfer  rate  is  then  integrated  against  the  total 

: ! : i • : : : : 1 : 1 


F -398 


date  3/23/73 


REV. 


heat  content 

Q = 

Qn_-,  + (Q)(K)  ' 

where: 

Q 

= total  heat  content 

Vi 

= initial  total  heat  content 

And  then  a new  temperature  is  computed  from: 

..... 

T2 

Q ‘ 

Mi  cp2  - • • . ' • 

where: 

T2 

= bulk  temperature  of  material 

H, 

= mass  of  the  material 

. 

: : 

Cp2 

= specific  heat  of  the  material 

rt 

Flow  rates  of  compressible  fluids  will  be  computed  based  on  differential 


pressure  relationships.  In  general,  the  form  is: 

v f / ; /'  ; ;;;;  ' 

where:  W 2 = the  calculated  mass  flow  rate •• 

aP-,  = the  pressure  differential  existing  across  opening 
or  ori fi  ce.  . 

D2  = effective  diameter  of 'the  opening  or  orifice. 

In  each  case,  conservation  of  mass  will  apply  to  account  for  the 
flow  rate.  For  example,  the  volume  which  receives  flow  rate  W2  will 
have  its  mass  increased  by:  . : : ; i i.. 

- =m2  n-i  + <V<K>  ■ 4 1 ■ ■:  ~r 

‘ ; where:  M2  = mass  of  gas  within  the  volume  j 

= initial  mass  of  gas  ! ! 

- ■ n-1  ; ; -f • 

From  this  mass  calculation,  a new  pressure  may  be  calculated  for 
use  in  the  next  pressure  differential  calculation^  - . 

" p1  ="f  (vr  m2,  r-j,  t2)  ! " ; ' 

• j • • > : i '»•  . ' ’ 
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where:  = pressure  of  gas 

V-j  = volume  containing  ... 

R-j  = gas  constant  for  the  particular  gas' 

= bulk  temperature  of  the  gas 

The  ideal  gas  law,  PV  = MRT,  can  be  used  for  all  compressible  gas 
calculations  except  at  very  high  pressures  and  for  cryogenic. 

. Empirical  equations  of  state  will  be  used  in  these  cases. 

3. 3. 9.1  Thermal  Protection  Subsystem 

The  Thermal  Protection  Subsystem  (TPS)  is. intended  to  thermally 
shield  the  vehicle  from  high  temperatures  during  atmospheric  flight. 
Two  basic  arrangements  are  planned,  one  for  high  temperatures  (up  to 
2500°F)  on  the  leading  and  lower  surfaces  of  the  exterior  and  one  for 
moderate  temperatures  (below  650°  F)  for  the"upper  surfaces. 

The  simulation  will  cover  both  atmospheric  and  orbital  flight  cases. 

A critical  altitude  will  be  used  to  determine  which  case  is  dominant, 
i.e.,  aerodynamic  heating  from  atmospheric  flight  or  radiative  effects 
: encountered  in  orbital  flight.  . ~ ' f ‘ ‘ • 

© 

R°r  the  simulation,  the  exterior  vehicle  surface  will  be  divided 
into  a number  of  sections  so  that  heat  fluxes  and  temperatures  at 
• : - various  points  can  be  calculated.  . 1 

i 

3. 3. 9.1.1  Radiation  ----- 


Radiation  from  the  following  sources  will  be  accounted  for  in  the 

simulation:  1.  Solar  \ , : 

- 2.  Earth  emission  ‘ 1 - : - 

3.  Solar,  reflected  from  earth  ; 

4.  Deep  space  °.  . ; ■ 


398^8 


PAGE 

NO.  3-400 

REP. 

NO. 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON.  NEW  YORK 


A constant  solar  heat  flux  will  be  used  since  the  orbital  distances 
are  small  compared  to  the'  distance  from  earth  to  the  sun.  For  a 
given  section  of  area,  orientation  relative  to  the  sun-earth  line 
will  be  used  to  determine  the  effective  area.  Figure  3. 3. 9. 1.1.1 
shows  a typical  planar  area  segment  or  panel, 


Solar  Flux 
(Parallel ) 


Fi gure  3. 3. 9. 1 . 1. 1 

If  the  actual  surface  area  is  A2,  then  correcting  for  the  effective 
area  w.r.t.  solar  flux,  the  solar  radiation  impingement  is  given 
by:  Qsr  = f (Aj,  0,  C'-j,  <*-,  ) 

or  specifically:  ' 

Qsr  = (a1)(C1)(Aj(Coso)  - 

where:  Qsr  = heat  transfer  to  panel  due  to  solar  radiation 

C;  = constant  for  solar  heat  flux 

* * * 'I  *■ 

- A2  = actual  area  of  panel  

«i  = absorptivity  of  panel  surface 

The  effects  due  to  the  earth's  reflection  of  solar  radiation  will 
also  employ  a constant,  determined  experimentally,  with  corrections 
made  for  vehicle  position  relative  to  the  earth-sun  line  and  for 
orientation  relative  to  the  earth-vehicle  line.  Figure  3. 3. 9. 1.1. 2 


shows  an  example. 

* ' Solar 

Flux 


Figure  3. 3. 9.1 .1.2 
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Again  using  a planar  area  segment,  the  reflected  flux  will  be 

calculated  by:  1 Fref  = f (C2 , 3 ^ 

or, 

Fref=  (C2)(Cos  B) 

where:  = flux  reflected  at  3 ' 

C2  = constant  reflected  flux  at  3=0 

3 ■=  angle  between  the  sun-earth  line  and  the  earth- 

vehicle  line 

Of  this  reflected  flux,  only  a portion  will  strike  the  panel.  If 

the  panel  is  oriented  away  from  the  earth-vehicle  line  by  an  angle 

Y,  then  the  heat  transferred  to  the  panel  will  be: 

Qer=  (Fref)(A3)(C0SY) 

where:  Q = heat  transfer  to  panel  due  to  reflected  solar 

, ; , radiation 

A3  = actual  area  of  the  panel 

Both  direct  and  reflected  solar  radiation  will  be  ignored  when  the 
vehicle  is  in  the  umbra.  ... 

Emission  from  the  earth  however  wi  1-1  be  experienced  in  and  out  of 
the  umbra  and  will  be  simulated  as  a constant  flux  corrected  for 
orientation  to  the  earth-vehicle  line. 

Another  significant  heat  flux  is  that  radiated  away  from  the 

exterior  surfaces  to  deep  space.  In  general,  the  solution  will  be 
of  the  form  given  in  3.3.9  in  the  general  discussion.  

The  total  heat  transfer  to  a typical  elemental  section  of  surface 
then  can  be  determined  by  summing  all  of  the  above  separate  components. 

^rad  ^sr  -+  Qer  + ^ee  ~ ^em  ■ - • - . ...  ; ; 

• i ■ 

where:  Qge  = heat  transfer  due  to  earth  emission  : j ' 

- *]-■•»  J ' ) ‘ '> 

....  _ * • i : 

t ' * * P " * - - ■ 
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Parameters  defining  vehicle  position  and  orientation  will  be  utilized 
to  permit  dynamic  computations  for  radiation. 


3. 3. 9. 1.2  Aerodynamic  Effects 


Below  a critical  altitude,  the  radiation  heat  transfer  is  negligible 
compared  to  aerodynamic  effects.  In  the  simulation,  only  one  or 
the  other  will  be  computed  at  a given  time.  Based  on  test  data,  an 
empirical  relationship  can  be  developed  to  determine  heat  transfer 
due  to  aerodynamic  heating.  The  relationship  will  be  based  on 
vehicle  velocity,  and  atmospheric  density. 


< 


Qa  = f (q,  V,  ct2,  A3) 
where:  Qa  = heat  transfer  due  to  aero 

• q = dynami c pressure 

v = velocity 

; a2  ~ an9^e  attack 

A^  = surface  area  of  section 

Actual  test  data  will  be  used  to  generate  curve  fit  equations.  Again, 
the  outer  surface  will  be  divided  into  sections,  with  a different 
equation  applicable  to  each.  ' ■ ■ ■" 

Figure  3. 3. 9. 1.2  shows  a group  of  sections  schematically  and  provides 
a simplified  picture  of  the  method  to  be  used  to  calculate  the  temp- 
erature of  a given  section.  .r_  


v \ ' ,v  : 

\ 
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In  this  example  it  can  be  seen  that  in  addition  to  the  heat  ■ 
transfer  already  discussed,  conduction  to  neighboring  sections, 

s * 

Q1  and  Q2  will  be  simulated.  All  heat  transferred  into  and  out 
of  a given  section  will  be  summed  and  its  influence  on  the  temperature 
• of  the  section  will  be  calculated  as  shown  in  the  general  discussion. 
The  TPS  equations  will  be  calcualted  once  per  second. 

3. 3. 9. 2 Thermal  Control  Subsystem  ..  ■ 


This  subsystem  (TCS)  consists  mainly  of  passive  elements  such  as  heat 

sinks,  surface  coatings  and  insulators.  The  subsystem  simulation  will 

consist  mainly  of  conduction  heat  transfer  equations.  The  basic  equa- 
_.  - tion  is  gi ven  by:  ..... 

^COND  = ) 

where:  K3  = thermal  conductivity  of  material 

. _ . 'A^  = area  normal  to  heat  flux  ...... 

-  ...  = temperature  differential  of  two  neighboring 

. . J . ; .....  . ; .....  sections  . - - • • 

— - 7 — ■ " AX_  = distance  between  the  effective  centers  of 

. : . i j ; . neighboring  sections.  . -- 

The  conduction  equations  will  be  applied  to  each  layer  of  insulation 

material  until  the  cabin  walls  are  reached.  At  this  point,  the  Environ- 

....  mental  Control  and  Life  Support  Subsystems  will  accept  the  heat  flux 

-  - and  determine  the  influence  on  the  internal  walls  and  cabin  atmosphere 

» i . 

temperatures.  The  TCS  equations  will  be  executed  at  a 1/second  rate. 


. j ... 
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3. 3.9. 3 Environmental 

Control  and  Life  Support  Subsystem 

The  Environmental  Control  and  Life  Support  System  (ECLSS)  simulation 
will  be  divided  into  eight  subsystems.  Figure  3. 3.9.3  shows  the  principal  organ- 
ization of  the  subsystems  and  the  basic  interface  areas.  In  each  case,  a written 
description  adjacent  to  a block  indicates  that  a common  item  will  be  simulated 
in  that  block.  The  TPS  and  TCS  are  also  shown  in  the  figure. 


TPS 


EPS 
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The  ECLSS  subsystems  will  receive  crew  station  switch ‘and  digital 
control  commands  via  the  ECLSS  interface  program  (ECI).  An  iteration  rate  of 
5/second  permits  momentary  switches  and  digital  commands  to  be  read  at  a 
satisfactory  speed.  The  orogram  also  generates  output  parameters  for  crew 
station  meters  and  lights,  telemetry,  bus  loads  and  caution  and  warning. 

Portions  of  the  program  will  be  executed  at  a slower  rate,  1/second. 

The  other  ECLSS  subsystems  will  contain  the  equations  necessary  to 
accurately  simulate  the  real-world  components  and  equipment.  Each  subsystem 
will  interface  with  non-ECLSS  subsystems  as  shown  in  Figure  3. 3.9. 3. 

The  atmosphere  circulation  subsystem  (ACS)  will  consist  of  calculations 
for  the  cabin,  payload,  compartment,  airlock  and  avionics  bay  atmospheres. 

Temperatures,,  pressures  and  partial  pressures  of  specific  gases  will  be  accounted 
for.  Internal  -wall  heat  loads,  metabolic  heat  loads,  and  air  cooled  coldnlated 
equipment  heat  loads  will  be  calculated/  Fire  detection' and  provisions  for  a 
high  nitrogen  purge  of  the  avionics  bay  will  be  calculated.  Calculations  for 
EVA  lock  pressurization  as  well  as  nominal  cabin„gas  leakage  and  overboard  relief 
valves  will  be  included.  An  iteration  rate  of  5/second  will  be  used  in  order  to  stab- 
ilize the  flow  rate  as  a function  of  the  differential  pressure  between  compartments.  ■ 
. The  atmosphere  purification  subsystem  (APS)  contains  the  simulation  for 
the' condensing  heat  exchangers,  carbon  dioxide  removal  and  cabin  fans.  This 

i • j 

subsystem  will  interface  with  ACS  regarding  the  composition  of  the  cabin 
atmosphere.  The  heat  transfer  in  the  condensing  heat  exchangers  will  be  calculated 

in  this  program.  A 2/second  iteration  rate  will  be  used.  - 

■ The  water  loop  subsystem  (WLS)  will  contain  the  equations  for  pumas , 

loop  flow  rates  and  pressures,  cabin  coldwalls  (whose  convective  effects  will  be 

simulated  in  the  ACS),  water  cooled  coldplated  equipment,  the  avionics  bay  heat 

, $ 

exchanger,  the  water/freon  heat  exchanger  and  the  water  chiller  heat  exchanger. 
Iterations  at  1/second  will  be  used.  ..  . „ 
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The  freon  loop  subsystem  (FLS)  will  provide  for  the  'simulation  of  pumps, 

1 . 

loop  flow  rates  and  pressures,  the  fuel  cell  heat-exchanger,  the  hydraulic  heat 
exchanger,  the  radiators,  the  sublimators  and  the  payload  heat  exchanger.  The 
GSE  heat  exchanger  does  not  require  simulation.  The  discussion  given  in  3.3.9. 1.1 
describing  radiation  calculations  will  also  apply  to  the  radiators  in  the  FLS. 

The  FLS  will  perform  the  heat  transfer  calculations  for  the  fuel  cell  and 
hydraulics  programs.  Altitude,  attitude  and  velocity  will  be  used  to  determine 
radiator  performance.  The  program  will  be  calculated  at  a 1/second  rate. 

The  oxygen/nitrogen  subsystem  (ONS)  will  be  simulated  in  detail.  All 
supply  tanks,  manifolds,  valves,  regulators  and  two  gas  controls  will  be 
included.  This  subsystem  provides  either  oxygen  or  nitrogen  to  ACS  as  required 
by  the  two  gas  controller  logic.  Nitrogen  pressurant  is  also  provided  to  the 
waste/water  subsystem  water  tanks.  All  calculations  for  the  water  tank  pressures 
as  a function  of  nitrogen  pressurant  will  be  performed  in  the  ONS.  A calculation 
rate  of  2/second  will  be  used.  1"~  ' " i” : 

waste/water  subsystem  (WWS)  will  compute  the  accumulation  and 
disposal  of  waste  and  potable  water.  The  masses  and  temperatures  in  each  tank 
will  be  computed  in  this  program.  Excess  water  from  the  fuel  cells  will  be  added  ' 
to  the  potable  H20  tank.  Water  from  this  tank  will'  be  sent  to  the  FLS  where  the 
subiimator  equations  are  located.  The  waste  tank  will  accumulate  condensate  from 
the  APS  condensing  heat  exchanger  calculations.  A i/second  iteration  rate  is 
adequate  for  the  WWS  simulation.  ; j : j ; ; j I ' ! T 

The  ram  vapor  subsystem  (RVS)  will  contain  all  calculations  required  for 
the  vapor  cycle  coolant  loop.  Included  in  this  loop  are  the  ram  air  heat 
exchanger,  the  freon  heat  exchanger,  compressor  and  expansion  valve.  Altitude, 
attitude,  and  velocity  will  be  primary  inputs  for  the  ram  air  heat  exchanger  calcu- 
lations. These  calculations  will  be  ignored  at  extremely  high  altitudes  where  the 
air  density  is  negligible.  This  program  will  be  executed  at  a 2/second  rate 


t 
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3.3.10  Payload  Accommodation  System 

The  simulator  payload  accommodation  system  will  simulate  the  operation  of 
the  payload  manipulator  arms,  payload  attachment  devices,  payload  bay  doors,  and 
the  payload  bay  lighting  and  television  subsystems.  The  simulated  payload 
accommodation. system  will  receive  inputs  from  the  simulated  equations  of  motion 
(shuttle  and  target  vehicle  state,  target  vehicle  mass  properties),  the  electrical 
power  subsystem  (power  availability),  the  hydraulic  power  subsystem  (power  avail- 
ability), the  crew  station,  and  the  instructor  station  (malfunctions,  biases,  etc.). 
Information  will  be  provided  on  payload  attachment  status,  arm  dynamics,  payload 
door  position;  light,  camera,  and  monitor  operation;  electrical  power  loadings, 

4 

and  hydraulic  flow.  The  basic  configuration  and  data  interchnage  of  the  simulated 
payload  accommodation  system  is  illustrated  below.  'V'T 
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3.3.10.1  Payload  Attachment  Subsystem 

i The  simulated  payload  attachment  subsystem  simulates  the  operation  and 
effects  of  the  real-world  subsystem  of  the  same  name.  The  simulated  payload  attach- 
ment is  iterated  once  for  each  applicable  payload.  If  the  payload  is  detached, 
forces  (if  any)  exerted  upon  the  payload  by  the  attachment  fitting  payload  trunnion 
guides  will  be  calculated  for  proper  dynamics  simulation.  Account  will  be  taken  of 
payload  motion  as  well  as  payload  position  in  calculation  of  such  forces,  to  amelio- 
rate effects  of  sampling  lag.  Attach  commands  will  be  honored  only  if  switch  and 

breaker  settings  are  proper  and  power  is  available.  A payload  will  be  attached  when 

the  command  is  issued,  and  position  and  velocity  of  payload  attachment  points  with 
respect  to  shuttle  retention  points  is  within  the  applicable  constraints.  When  a 
payload  has  just  been  attached,  its  mass  center  position  and  inertia  tensor  with 
respect  to  shuttle  body  coordinates  will  be  calculated  for  use  in  the  calculation 

of  mass  properties.  An  attached  payload  will  be  checked  for  a release  command.  A 

> ‘ 

release  command  will  exist  v/hen  switch  and  breaker  settings  are  proper  and  power  is 

. .......  . _ . ...  . . . • : , \ : j_  * . i ..  asaa.-swr- 

available.  At  the  point  at  which  a payload  is  released,  its  state  for  target 

4* 

vehicle  ROM  will  be  initialized  using  shuttle  state  and  retention  state  with  respect 

to  the  shuttle  vehicle.  Its  mass  properties  also  will  cease  to  be  included  into 

shuttle  vehicle  mass  properties.  It  v/i  11  be  assumed  that  a payload,  once  attached, 

remains  fixed  with  respect  to  the  shuttle.  Preliminary  data  implies  that,  in  the 

✓ 

real-world,  this  will  be  the  case  to  within  0.5°.  At  this  point,  it  would  appear 
that  any  effects  on  vehicle  inertia  tensor  resulting  from  such  motion  will  be  suffi-  . 
ciently  small  as  to  not  require  simulation  for  training  purposes.  Center  of  mass 
shifts  permitted  are  not  known,  but  are  also  assumed  to  be  insignificant.  Precise 
simulation  of  continuum  effects  of  such  mass  property  shifts  would "probably  be  ruled 
out  in  any  case  due  to  cost  vs.  benefit.  Rough  approximation  of  retained  payload 
dynamics  and  resulting  momentum  effects  would  be  somewhat  less  costly,  but  still 
does  not  appear  to  be  justified  by  currently  available  data.  The  payload  attachment 
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simulation  will  be  calculated  for  each  apnlicable  payload  once  each  100  milliseconds. 
This  rate  matches  that  of  the  manipulator  dynamics  and  the  applicable  shuttle  mass 
properties,  and  is  sufficiently  fine  to  avoid  noticeable  delays  in  mass  property 
changes  and  payload  release. 


Crew  Station  Switches 
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3.3.10.2  Payload  Manipulator  Subsystem 

The  simulated  payload  manipulator  subsystem  simulates  the  dynamics  and 
interfaces  of  the  shuttle  payload  manipulators.  Inputs  to  the  simulated  subsystem 
include  manipulator  arm  joint  and  terminal  device  position  commands  (from  the  on- 
board computers),  power  available  booleans  (from  the  electrical  power  subsystem) 
shuttle  vehicle  translational  state  and  body  forces  (from  translational  EOM),  shuttle 
vehicle  attitude,  angular  velocity  and  total  moments  (from  rotational  EOM),  payload 
position  (from  target  vehicle  translational  EOM  or  the  payload  accommodation  system), 
payload  attitude  (from  target  vehicle  rotational  EOM  or  the  payload  accommodation), 
payload  mass  inertia  tensor  and  c.m.  location  (from  payload  mass  properties),  and 
crew  station  switch  and  circuit  breaker  settings.  Provided  these  inputs,  the  mani- 
pulator simulation  will  calculate  each  manipulator  joint  angle  position  and  rate, 
terminal  device  and  deployment  device  positions,  joint  ootentiometer  and  tachometer 
outputs,  forces  and  torques  exerted  upon  the  vehicle  by  the  manipulator  system, 
payload  translational  and  rotational  state  upon  release,  electrical  power  loads, 
checkout  system  outputs,  and  relative  state  of  a jettisoned  arm.  Definition  of  the 
vehicle  payload  manipulator  subsystem  is  quite  amorphous  and .indefinite  at  this  time. 
The  real-world  configuration  herein  simulated  is  based  on  what  is  apparently  the 
best  available  data,  but  should  not  be  regarded  as'  a high-confidence  delineation  of 
the  ultimate  real-world  system.  It  is  entirely  possible  that,  as  real-world  system 
design  progresses,  substantial  changes  will  be  required  in  this  conceptual  design. 
The  vehicle  possesses  two  manipulator  arms,  each  of  which  will  be  simulated  as 
discussed  below.  If  all  proper  crew  station  switches  and  breakers  are  set  and  power 
is  available  and  the  arm  jettison  switch  is  thrown,  the  arm  will  be  jettisoned.  The 
relative  state  of  the  jettisoned  arm  will  be  maintained  until  it  has  safely  cleared 
the  vehicle,  for  simulation  of  visual  cues  to  verify  separation,  enhanced  visual 
realism,  and  collision  avoidance  training.  The  jettisoned  arm  will  be  assumed  to 


be  gi ven  a 


fixed  inpulse,  from  which  its  relative  velocity  will  be  calculated  once 
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and  held  constant  thereafter.  There  does  not  seem  to  be  a great  amount  of  training 
value  in  maintaining  relative  rotational  state  of  the  jettisoned  arm  or  inertial 
state  of  the  jettisoned  arm  (though  they  would  improve  realism).  The  jettison  forces 
and  torques  on  the  shuttle  will  be  simulated.  The  attachment  of  the  manipulators  to 
the  payload  doors  will  be  simulated.  When  the  arm  is  latched,  the  proper  switch  and 
breaker  configuration  exists,  power  is  available,  and  the  unlatch  switch  is  thrown, 
the  simulated  arm  will  be  released,  and  the  arm  dynamics  simulation  initialized  with 
the  "stowed"  joint  angles,  and  zero  angular  rates.  When  the  arm  is  unlatched,  the 
proper  switch  and  breaker  configuration  exists,  power  is  available,  and  the  unlatch 
switch  is  thrown,  the  orientation  of  the  arm  will  be  checked.  If  the  arm  snap 

i 

ties  are  properly  positioned,  the  simulated  arm  will  be  latched.  If,  however,  the 
function  of  the  real-world  latch  switch  is  to  command  an  arm  trajectory  to  the  latch- 

ii 

ing  position,  after  which  time  an  automatic  latch  command  is  given,  the  latches  will 
be  actuated  by  that  automatic  command.  During  periods  during  which  the  arm  is 
latched,  arm  dynamics  will  not  be  calculated.  If  latching  or  unlatching  can  take 
place  at  variable  door  positions,  the  initial  joint  angles  upon  unlatching  will  be 
set,  and  the  proper  snap  tie  positions  upon  latching  will  be  determined,  as  appro- 
priate, as  functions  of  payload  door  position.  The  arm  deployment  mechanism  will 
be  simulated  as  active  whenever  the  proper' swi  tch  and  breaker  configuration  exists, 
power  is  available,  a switch  commanding  change  in  deployment  state  is  thrown,  and 
redeployment  is  not  complete.  While  active,  the  mechanism  will  be  considered  to  move 
at  a constant  rate  until  the  appropriate  limiting  position  is  attained.  Deployment 
device  position,  position  of  the  manipulator  arm  shoulder  with  respect  to  the  body 
axis  system  and  power  load  .will  be  calculated.  The  terminal  device  simulated  will 
be  a simple  grasping  device.  The  terminal  device  simulation  will,  however,  be 
kept  functionally  and  physi cally ^separate  from  the  remainder  of  the  arm  simulation 
as  much  as  possible.  Thus,  update  by  modification  to  an  alternate  terminal  device 
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will  be  simplified,  if  it  is  required.  It  is  assumed  that  the  device  will  grasp 
the  payload  rigidly,  and  will  have  only  one  degree  of  freedom,  namely  the  joint 
between  the  grasping  bars.  The  simulated  terminal  device  will  be  active  when 
power  is  available  and  the  proper  crew  station  switch  and  breaker  configuration 
exists.  It  is  assumed  that  the  terminal  device  can  receive  drive  signals  from 
either  the  on-board  computers  or  the  manual  checkout  system.  On-board  computer 
signals  will  be  assumed  to  be  the  joint  position  command,  while  checkout  system 
signals  will  be  assumed  to  be  direct  motor  torque  command,  which  is  at  any  given 
time  either  zero  or  + a fixed  number.  The  terminal  device  simulation  will  include 
servo-loop  dynamics  if  significant  in  computing  motor  .-torques.  Terminal  device 
mass  properties  (which  are  constant)  will  be  used  in  conjunction  with  torque  to 
obtain  angular  acceleration,  angular  rate,  and  angular  position  of  the  terminal 
device  joint.  Outputs  to  the  checkout  system  readouts  and  power  load  will  also 
be  calculated.  If  the  terminal  device  was  just  closed  (i.e.,  joint  angle  reduced 
below  a certain  point),  the  terminal  device  position  is  compared  to  the  positions 
of  grasping  points  of  all  payloads  in  the  area  (obtained  from  the  payload  accommo- 
dation system  or  target  vehicle  EOM  as  appropriate).  If  these  comparisons  indicate 
that  a payload  was  grasped,  its  mass  and  inertia  properties  will  be  stored  in  the 
appropriate  cells  and  its  orientation  with  respect  to  the  arm's  wrist  joint  will 
be  calculated  for  use  in  the  arm  dynamics  simulation.  If  the  terminal  device  was 
just  opened  (i.e.,  joint  angle  increased  above  a certain  point),  and  a payload 
had  been  grasped,  and  that  payload  is  not  now  attached  to  the  shuttle  vehicle  by 
the  payload  attachment  subsystem,  the  target  vehicle  Equations  of  Motion  for  that 
payload  are  initialized."  Payload  position,  velocity,  attitude,  and  angular  rates 
at  release  are  calculated  using  current  shuttle  vehicle  translational  and  rotational 
state,  as  well  as  arm  joint  angles- and  angular  rates.  At  release,  the  mass  and 

, o 

inertia  of  the  grasped  payload  will  be  reset  to  the  unloaded1 condi ti on  in  the  arm 

‘ *4  . 

dynamics  simulation.  Providing  that  power  is  available  and  crew  station  switch 
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settings  are  properly  con-figured,  the  manipulator  arm  torque  motors  will  be 
considered  active.  During  times  at  which  the  arm  is  not  stowed,  when  a given 
joint  does  not  have  power  available,  it  is  assumed  that  brakes  will  be  applied 
to  that  joint.  It  is  assumed  that  each  joint  can  receive  drive  signals  from  either 
the  on-board  computers  {in  the  form  of  joint  position  commands)  or  the  manual 
checkout  system  (in  the  form  of  direct  motor  torque  commands,  which  are,  at  any 
given-time,  either  zero  or  + a fixed  number).  Servo-loop  dynamics  will  be  included 
in  the  calculation  of  torque  resulting  from  drive  sionals  if  significant.  Torques 
will  be  limited  to  the  same  values  that  real-world  arm  torques  are  limited.  Joint 
torques  will  reflect  the  effects  of  the  malfunction  of  one  of  the  motors  on  that 
joint  when  appropriate.  Checkout  system  outouts , power  load,  and  torques  on  each 
joint  are  calculated  from  the  input  information.  Arm  dynamics  will  be  simulated 
by  solving  the  rigid-body  equations  of  motion  for  the  shuttle/manipulator/payload 
system.  Bending  frequencies  are  currently  constrained  to  an  amplitude  substantially 
less  than  the  control  system  tolerance,  which  is  presumably  smaller  than  the  minimum 
accuracy  envelope  required  to  perform  all  required  tasks.  Thus,  the  simulation  of 
arm  bending  effects  does  not  at  this  time  appear  to  provide  sufficient  training 
value  to  offset  the  very  considerable  impact  resulting  from  its  inclusion.  The 
data  on  which  this  conclusion  rests  may  be  invalidated  as  the  arm  design  develops. 

s> 

When  unloaded,  the  manipulator  will  be  assumed  to  consist  of  three  segments  (shoulder 
to  elbow,  elbow  to  wrist,  wrist  through  terminal  device),  each  with  significant  mass. 
When  loaded,  the  mass,  inertia  properties  and  center  of  mass  location  of  the  grasped 
payload  will  be  included  in  the  simulated  arm  dynamics.  Payload  center  of  mass 
location  will  be  available  in  terms  of  a vector  from  the  terminal  device  to  the 
mass  center.  Thus,  the  shuttle/manipulator/payload  with  the  aforementioned  approx- 

t 

imations  is  a constrained  system  of  four  (or  five)  rigid  masses  with  at  least  twelve 

t 

degrees  of  freedom.  It  is  not  clear  at  this  time  to  what  further  extent  the 
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dynamics  problem  can  be  simpli fied.  Certain  simplifications  can  apparently  be 
ruled  out,  however.  Since  the  system  can  deploy  payloads  approximately  1/3  as 
massive  as  the  shuttle,  and  since  the  arm  may  he  useful  to  provide  forces  during 
the  final  phase  of  shuttle-to-shuttle  dockinq,  the  mass  of  the  shuttle  cannot  be 
approximated  as  infinitely  large  with  respect  to  the  grasped  payload.  Hence,  the 
interaction  of  the  manipulator  dynamics  with  shuttle  dynamics  must  be  simulated. 

Since  the  arm,  during  deployment,  retrieval,  and  dockinq,  will  brake  relative 
velocities  between  the  shuttle  vehicle  and  massive  objects,  arm  position  will  not 
necessarily  follow  input  commands  except  over  very  long  periods  of  time.  Thus,  no 
such  simplifying  assumptions  may  be  made.  Application  of  torque  to  a given  joint 
will  either  cause  motion  at  other  joints,  or  require  opposing  torques  at  other 
joints.  Hence,  the  dynamics  of  a given  joint  cannot  be  simulated  in  isolation 
from  other  joints  (except  possibly  as  a temporary  approximation).  Joints  are 
provided  for  motion  about  all  three  axes,  so  planar  simplifications  are  not  possible. 
The  effects  of  joint  brakes  and  position  limits  on  each  joint  will  be  included  in 
the  arm  dynamics  simulation.  The  arm  dynamics  will  reflect  the  effects  of  forces 
and  torques  (external  to  the  payload  system)  on  the  shuttle  vehicle  and  shuttle 
vehicle  angular  velocity.  The  arm  dynamics  simulation  will  obtain  from  these  inputs, 
as  well  as  joint  torques  and  previous  manipulator  state,  the  annular  accelerations 
on  each  joint.  These  accelerations  will  be  integrated  to  obtain  joint  velocities 
and  positions,  force  and  torque  exerted  by  the  manipulator  upon 'the' shuttle 'vehicle, 
orientation  of  the  wrist  beam  upon  which  the  .TV  camera  and  floodlight  is  mounted, 
and  orientation  of  the  grasped  payload,  if  any.  Collision  constraints  will  be 
simulated.  The  positions  of  the  elbow  joint,  wrist  joint,  and  payload  (or  terminal 
device  if  unloaded)  will  be  calculated  from  the  joint  angles.  The  payload  will  be 
approximated  as  a cylindrical  solid.  All  three  beams  and  the  payload  (or  terminal 

ft  ' 

device)  will  then  be  checked  to  insure  they  are  not  in  collision  with  any  part  of 
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the  shuttle  vehicle,  a payload,  or  another  arm.  If  a collision  has  occurred,  the 
necessary  joint  angles  will  be  reset  and  joint  rates  zeroed  to  prevent  the  mani- 
pulator/payload from  penetrating  the  vehicle.  Accurate  simulation  of  collision 
I dynamics  is  not  assumed  to  be  necessary  for  training  simulation.  Since  the  operator 
should  be  trained  to  avoid  smashing  the  mani pulator/payload  into  the  vehicle,  it 
would  appear  that  only  the  detection  of  collision  must  be  simulated  accurately. 
Outputs  of  the  joint  potentiometers  and  tachometers  are  calculated  from  the  true 
joint  positions  and  velocities.  These  outputs  will  also  reflect  instrument  biases 
and  malfunctions,  as  well  as  quantization.  ' An  iteration  rate  of  10  per  second  is 
applied  to  the  manipulator  simulation.  This  rate  should  be  within  the  limits  of 
perception,  and,  with  a high  fidelity  dynamics  simulation,  should  provide  adequate 
response  characteristics  accuracy.  As  the  real-world  on-board  computer  data 
interface  rate  is  not  currently  known,  it  has  not  been  taken  into  account.  If 
computer  interface  rates  are  considerably  higher  than  this,  which  is  possible,  it 
should  be  possible  to  obtain  adequate  approximations  to  the  outputs  to  the  computer 
during  the  interval  between  arm  dynamics  recalculation  times.  Since  system 


-performance  characteristics  appear  to  be  quite  sluggish,  such  approximations  are 
not  expected  to  cause  severe  degradation  of  system  response  characteristics.  The 
- conceptual .design  for  the  manipulator  simulation  is'  sketched  in  figure  3.3.10.2-1. 


(2)  Initialize  payload  dynamics,  unlatch  arm 
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Symbol  Dictionary  for  Figure  3.3.10.2-1 
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3.3.10.3  Payload  Bay  Doors  Subsystem  ..... 

The  payload  door  simulation  calculates  the  position  of  each  segment  of 

the  payload  doors  and  space  radiators,  torques  exerted  on  the  shuttle  vehicle  by 
their  motion,,  their  effects  upon  vehicle  mass  properties  and  hydraulic  flow.  When 
unlatched  and  in  motion,  proximity  of  the  doors  to  the  appropriate  latch  proximity 
sensors  will  be  checked  on  each  pass  through  the  program.  When  proper  proximity 
is  achieved  (and  switches,  breakers,  power,. etc.,  are  properly  configured),  the 
latches  will  be  actuated.  Latch  zip-fastener  action  will  be  simulated  as  a function 
of  time  since  the  proximity  sensors  were  actuated.  Door  motion  will  be  simulated 
both  with  and  without  space  radiators  attached.  Door  motion  will  take  place  only 
when  necessary  electrical  and  hydraulic  power  are  available  and  it  is  commanded. 

The  angle  between  the  door  position  when  closed  and  the  current  door  position 
(measured  in  the  plane  normal  to  the  door  longitudinal  centerline)  as  well  as  the 
angle  between  the  space  radiator-position  when  closed  and  the  current  space  radiator 
position  will  be  maintained.  When  in  motion,  the  door  will  move  at  an  angular  rate 
which  is  a function  only  of. hydraulic  flow  available.  (No  data  on  door  motion  is 
available,  but  this  seems  to  be  a reasonable  assumption).  The  current  door  and 
radiator  angles  will  be  used  to  calculate  door  and  radiator  center  of  mass  positions 
and  inertia  sensors  in  the  shuttle  B coordinate  frame,  for  use  in  shuttle  mass 
properties.  When  in  accelerated  motion,  the  doors  will  exert  a reaction  torque  on 
the  shuttle  vehicle.  The  real-world  door/vehicle  dynamics  problem  is  fairly  complex, 
due  to  the  continual  vehicle  inertia  change  during  door  motion.  The  torques  involved 
in  closing  both  door/radiator  combinations  (worst  case)  are  internal  to  the  shuttle 
body,  and  do  not  affect  the  total  angular  momentum  of  the  system.  Thus,  system 
angular  momentum  should  remain  constant  during  the  operation.  Hence,  as  the  doors/ 
radiators  open,  since  the  inertia  tensortdecreases , shuttle  body  rates  increase  to 
conserve  angular  momentum.  However,  other  torques  (e.g.,  RCS  firings)  could  alter 
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angular  monientum  during  -this  interval.  The  total  resulting  dynamics  could  be 
simulated  with  high  precision,  but  the  simulation  would  not  be  simple.  The  dynamics 
could  probably  be  approximated  somewhat  more  simply,  but  less  accurately.  Or,  the 
effect  could  be  ignored.  Considering  that,  during  door  closing,  body  rates  should 
ordinarily  be  low,  and  that  door/radiator  mass  is  probably  a fairly  small  fraction 
of  vehicle  mass,  and  therefore  will  not  unduly  affect  inertia  tensor,  and  that 
these  dynamics  should  not  involve  any  important  crew  cues,  it  is  currently  intended 
to  ignore  them.  If  any  of  the  above  assumptions  are  violated  as  design  and  procedures 
development  advances,  the  above  conclusion  should  be  altered.  The  payload  door 
simulation  will  be  iterated  10  times  per  second,  the  same  rate  as  most  of  the  remaindet 
of  the  payload  accommodation  system.  This  rate  should  be  sufficient  to  provide 
training  cues  to  within  the  perception  of  the  crew.  The  conceptual  design  of  the 
simulation  for  a given  segment  is  sketched  in  figure  3.3.10.3-1. 


..i 


-4-  — : 

I 1 


--1- 


...  4_ 


v ’ 4 •" 


-1.-1 

: i 

■ r — r 


“T  i 


l I 


1 4. — j — j 

i ! " i 

I 

— --t—  * 


I i 


- t 4 - 

i 


i 


i i 

i 

< * i 


i s, 


I I 


i.  $r  r 


F - 398- 8 - 


< 


date  3/23/73 

THE  SINGER  COMPANY 
simulation  products  ni vi si  on 

PAGE  NO.  3-428 

REV. 

BINGHAMTON. 

NEW  YORK 

REP.  NO. 

Symbol  Dictionary  for 

Figure  3.3.10. 
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3.3.10.4  Payload  Illumination  Subsystem 

The  simulated  payload  bay  illumination  subsystem  will  determine  whether 
each  of  the  payload  bay  lights  are  lit,  and  calculate  the  resulting  power  loads. 
The  appropriate  crew  station  switches  and  breakers,  as  well  as  the  appropriate 
power  available  boolean,  will  be  checked  to  determine  whether  each  light  is  on. 
Each  illuminated  light  will  provide  a characteristic  constant  increment  to  the 
total  power  load  from  the  payload  illumination  subsystem.  The  illumination  status 
of  each  light  will  be  provided  to  the  simulated  visual  system. 


crew 

station 


Electrical 

power 


swi tches 


circuit  breakers 
power 


available 


illumination 


status 

power 


visual 


load 


electrical 

power 


3.3.1Q.5  Payload  TV  Subsystem 

The  simulated  payload  bay  television  subsystem  will  determine  whether 
each  of  the  payload  bay  television  cameras  are  in  operation,  calculate  the  orientation 

v- 

of  all  moveable  cameras,  determine  whether  each  of  the  payload  handling  station 
television  monitors  is  in  operation,  and  calculate  the  resulting  power  loads.  A 

» ? A * 

camera  will  be  simulated  as  on  when  the  appropriate  crew  station  switches,  crew 
station  circuit  breakers,  and  power  available  booleans  exhibit  the  correct  configura- 
tion. Each  operating  camera  or  monitor  will  provide  an  increment  to  the  total  power 
load  from  the  payload  bay  television  subsystem.  The  operational  status  of  each 
camera  and  monitor  will  be  provided  to  the  simulated  visual  subsystem.  The  orienta- 
tion of  the  manipulator  arm  wrist  TV  cameras  will  be  calculated  from  data  received 
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from  the  simulated  payload  manipulators.  Orientation  of  other  moveable  attitude 
cameras  will  be  calculated  from  crew  station  switch  inputs  (taking  due  account  of 
power  available),  and  manipulator  orientation  if  an  automatic  track  capability 
exists.  The  same  television  logic  will  be  used  to  simulate  other  on-board 
television  systems. 
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3.4  System  Software  Conceptual  Design  ' ; 

- 3,4.1  Simulator  Control  Software  • v — : ; 

3. 4. 1.1  Data  Recording  : " ’ 

The  data  recording  routines  will  output  internal  simulation  data  values 
• in  a format  usable  by  the  instructor  for  trainee  evaluation  and  debriefing.  There 
are  three  main  data  recording  routines.  : I ' • 

3. 4. 1.1.1  X-T  Recorders  i : ‘ _ J ..  _ j. , .. ..  _ ’ 

- This  routine  reformats  and  rescales  internal  data  values  into  analog 

output  signals  usable  by  a standard  X-T  strip  recorder.  The  parameters  processed 

by  this  routine  will  be  selectable  by  a CRT  page.  _ _.j  ...  . . . 

; ' 

3. 4. 1.1. 2 X-Y  Recorders  • — •*  ; - J , 

j ~i“ This  routine  reformats  and  rescales  two  internal  parameters  and 

generates  analog  output  signals,  allowing  a standard  X-Y  plotter  to  plot  one 
parameter  versus  another.  The  parameters  processed  by  this  routine  will  be 
selectable  by  a CRT  page.  ] • ' : ; j T : 1 . f . 

. . 3.4.1 .1.3  Logging  J •!.  ; J ..  j ; 

— : — 1 This  routine  outputs,  at  a minimum  20/sec.  rate,  raw  parameter  values, 

along  with  header  arid  formatting  information.  This  output  will  be  placed  on 
magnetic  tape  in  a form' usable  by  an  off-line  routine  which  will  produce  hard  copy 

•-listings  of  the  parameters.  The  recording  rate  of  the  parameters,  as  well  as  the 
: identification  of  the  parameters,  will  be  selectable  by  a CRT  page.  , 
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3. 4.1. 2 Real-Time  Iriput/Output 

The  real-time  input/output  routines  are  responsible  for  transferring 
data  between  the  simulator  data  pool  and  the  DCE  mini-computers.  Additionally, 
the  RTIO  will  maintain  the  data  flow  to  MCC,  and  output  the  telemetry  down  link 
data.  Thus,  the  RTIO  may  be  viewed  as  containing  seven  separate  functions. 

3. 4. 1.2.1  Digital  Input  • • 

This  routine  will  input  discrete  data  bits  from  switch-type  devices. 

These  inputs  will  be  accepted  in  an  unpacked  form  from  the  DCE  mini -computer. 

3.4.1 .2.2  Analog  Input  - --j 1 

I ’■  , This  routine  will  input  data  from  analog  devices.  This  data  will  be 

converted  to  host  computer  floating  point  format  by  the  DCE  mini-computer. 

3. 4. 1.2. 3 • ICC  Input  ; r • ■ 

When  integrated  with- MCC,  this  routine  receives  the  interface  data, 
verifies  correctness,  and  presents  the  data  to  the  simulation  routines. 

3.4.1 .2.4  Digital  Output  - -4-—r  — — ...  : 

■ This  routine  will  output  discrete  data  bits  to  lamp  and  readout-type 
devices  in  the  form  of  one  bit  per  computer  word.  The  DCE  mini -computer  will 
be  responsible  for  packing  the  data  for  the  linkage.  — - -•••■•  : 7 

3.4.1 .2.5  Analog  Output  . j 1 

■ *’  1 

i This  routine  will  output  data  to  be  displayed  on  meter-type  devices. 

This  data  will  be  output  in  host  computer  floating  point  format  to  the  DCE  mini- 
computer which  will  convert  it  to  DCE  acceptable  format. 

3. 4. 1.2.6  MCC  Output  . • ..j L_L_'  ...  

When  integrated  with  MCC,  this  routine  will  collect  data  from  the 

’simulation  routines,  format  the  data,  provide  check  sums,  and  ouput  the  inter- 

■ • • ■ ~ - * ■ „ & ' **■  r — V ” ' 

face  data  to  MCC.  .. ' .... . 
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3. 4. 1.2. 7 Telemetry  Output 

- When  integrated  with  a complex  that~requires  telemetry  data  from 
SMS,  this  routine  will  collect  the  data  from  the  simulation  routines,  format  it, 
and  output  the  data  to  that  complex. 
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3. 4. 1.3  Synchronous  Simulation  Program  Processor  (SSPP)  : 

-*  : This  package  serves  as  the  focal  point  for  the  execution  of  the 

software  modules  that  must  execute  in  a cyclic  manner. 

The  basic  jump  list  management  functions  incorporated  in  conventional 
simulation  packages  are  handled  by  this  module.  Thus,  program  sequencing  and 
iteration  rates  are  a matter  of  position  within  the  jump  list. 

; ..  In  addition  to  the  module  address,  each  element  of  the  jump  list  will 

contain  flags  indicating  for  which  mission  phase  the  module  is  required.  If  the 
module  is  not  required  during  the  current  mission  phase,  it  will  not  be  executed. 
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3. 4. 1.4  Master  Timing  ~ : 

The  master  timing  routine  is  responsible  for  maintaining  the  correct 
time  references  for  the  simulator.  This  includes  maintenance  of  simulated 
Greenwich  Mean  Time,  simulated  Mission  Elapsed  Time,  simulation  clocks,  event 
timers,  and  any  special  time  words  (for  syncing  with  MCC,  DCS,  TM,  etc.). 


Output  data  compatible  with  any  computer  driven  time  displays  will  be 
generated  by  master  timing.  ...  ..  -- 

*"  i " " ~ •*  , , 

I .1  s ' ‘ . • • 
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3.4.1 .5  Master  Control  • ...  . ... 

The  master  control  program  will  provide  the  instructor-operators  with 
the  capability  of  controlling  the  simulation  exercise.  This  program  will  respond 
to  switch  inputs  actuated  by  the  instructor-operators  and  will  provide  feedback 
so  that  the  simulator  mode  will  always  be  displayed  to  the  instructors. 

The  following  simulator  modes  will  be  provided  for  in  the  master 

1 control  program.  ; - - ---  • • — ; - 

’”3. 4.1. 5.1  OPERATE  ■ ~r— 

i J_  . , This  is  the  "normal"  or  operational  mode  of  the  simulator.  When  in 

■--"OPERATE,"  all  real-time  software  is  executed  and  all  time  constants  or  integra- 
| ti on  delta  times  are  set  at  their  real-time  values.  ■ 1 

| 3.4. 1.5.2  / FREEZE  ' . / ' . ...  1 ; 

--1-  This  is  the  "stop  action"  mode  in  which  all  real-time  software  is 

"executed,  but  all  integration  delta  times  are  set  to  zero.  In  this  manner,  all 
. logic  equations  and  all  computations  not  affected  by  time  are  executed,  but  the 

simulator's  problem  is  "frozen"  in  time.  ~ '•  ' - 

! 1 - 

' 3.4.1 .5.3  RESET  ' ~T_ j 7"'-*  * ’7  " ! ’ 

.This  mode  provides  a means  of  initializing  all  reset  parameters  in 

< ‘ i ‘ ’ 

L the  simulator.  The  initialization  data  will  be  read  into  core  memory  upon  request 
: from  the  instructor.  The  instructor  will  use  the* CRT  keyboard  to  specify  the 
reset  point  number.  _ • ; , ...i. ; ; * : \i  ; ...J  .... 

7 ' ' : • : i ! ! ! i ; ! 

•1-3. 4.1. 5.4  ---WRITE -RESET  - - • -? — f — - " — ; — — r — r— ; : -r 

j This  mode  will  cause  "a  snapshot"  of  initialization  data  and  this 

information  will  be  written  on  mass  storage.  The  reset  point  identifier  and  the 


initialization  data  will  be  written  on  mass  storage  when  the  instructor-operator 

\ « 
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requests  this  function  via  a CRT  page.  This  function  will  be  operational  in 
the  "OPERATE"  or  "FREEZE"  mode.  ; 

3. 4. 1.5. 5 SAFE  STORE 

This  mode  (when  enabled)  will  provide  a means  of  automatically 
generating  a set  of  initialization  points  on  a time  basis.  One  initialization 
point  will  be  generated  every  ten  minutes  in  this  mode.  A CRT  displayable  record 
identifying  each  point  will  be  saved  as  each  point  is  transferred  from  core  to 
mass  storage.  This  record  will  provide  the  instructor  with  a means  of  identify- 
ing a particular  "SAFE  STORE"  point  and  returning  to  it  via  the  "RESET"  function. 

3. 4. 1.5. 6 STEP-AHEAD 

This  mode  will  provide  a means  of  accelerating  the  simulation  through 
periods  of  trainee  inactivity  in  faster  than  real-time.  The  vehicle  will  remain 
in  an  inertial  hold  mode  and  simply  translate  through  time  at  a minimum  of  ten 
times  real-time.  This  mode  will  be  activated  by  entering  the  delta  time 
necessary  to  reach  desired  mission  time  via  the  CRT  keyboard.  When  the  desired 
time  has  been  reached,  the  simulator  will  automatically  switch  from  the  "STEP- 
AHEAD"  mode  to  the  "FREEZE"  mode.  . . ; ....  / 

■a  - 
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3. 4. 1.6  Advanced  Training 

This  system  is  intended  to  serve  as  a helpmate  to  the  instructor 
during  a training  session.  The  advanced  training  system  will  aid  the  instructor 
in  four  primary  ways.: 

1.  The  system  will  allow  a recording  of  trainee  activities  to  be  made 
which  can  be  replayed  later,  thus  repeating  the  actions  made  by  the  trainee  for 
post  maneuver  critique. 

2.  The  system  will  allow  a library  of  prerecorded  maneuvers  to  be 
constructed  which  will  allow  presentation  of  "OPTIMUM"  solutions  to  an  exercise. 

3.  The  system  can  relieve  the  instructor  of  many  routine  simulation 
duties,  e.g.,  insertion  of  malfunctions,  by  the  use  of  a predefined  mission  profile. 

■■■•  4.  The  system  will  allow  "IN  FLIGHT"  data  to  be  gathered  for  later 

hardcopy.  The  “data  gathered  will  aid  in  a full  and  meaningful  debriefing  of  the. 
trainee's  activities  during  the  simulation  session.  . 

3. 4. 1.6.1  Record/ Playback  • ; - • i 

This  system  allows  objectives  1 and  2 above  to  be  satisfied.  There 
are  five  principal  elements  to  this  system.  

3.4. 1.6. 2 Training  Recording  - ■- 

This  routine  allows  internal  simulation  data  values  to  be  recorded 
on  mass  storage.  The  parameters  to  be  recorded  will  be  those  that  allow  student 
activities  to  be  faithfully  reproduced.  This  routine  will  also  contain  control 
logic  to  monitor  the  recording,  supply  indications  relating  to  number  of 
recordings  made,  recording  time  remaining,  etc.  . . 

3. 4. 1.6. 3 Training  Playback  ' ' "~ 

' ' * ' This  routine  causes  the  data  recorded  by  the  training  recordings 

7‘*  ' ..  ‘ » 

routine  to  be  reinserted  into  the  simulation  data  pool.  This  routine  will  contain 

<0 

I — ' ‘ '*  A - ’’  " " v*”  ” T*  * ; * **•*’’ 
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control  logic  to  monitor  the  playback  and,  when  the  playback  is  complete,  insure 
that  all  primary  controls  are  in  a position  to  allow  a safe  flyout  from  this 

• . - • . ..  ...  .4  . . . , ... 

.point  should  the  instructor  desire. 

3. 4. 1.6. 4 Demo  Playback  • - - 

This  routine  is  analogous  to  training  playback,  the  principal  differ- 
ence is  that  the  input  data  comes  from  the  "DEMO  LIBRARY"  instead  of  a scratch 
area  of  mass  storage.  - r ; 

3. 4. 1.6. 5 Pack/Unpack  ~ i * 7’";  ~ " ! r'"T"  "•  " 

During  recording, 'this  routine  gathers  the  simulation  data  values  to 
be  recorded  and  packs  them  into  an  output  buffer.  Booleans  are  packed  into  whole 
words  for  maximum  recording  density.  During  playback,  the  recorded  values  are 
unpacked  and  restored  to  their  proper  location  in  the  data  pool. 

-3. 4. 1.6. 6 . Input/Output  ; ■ — ■ ••  I .. 

. ' : This  routine  handles  all  I/O  to  the  mass  storage  device(s)  used  to 

contain  the  recorded  data.  This  routine  will  also  form  check  sums  to  insure  the 

-integrity  of  data  transferred.  ,4 ; • 

3.6.1 .6.7  Automated  Training  * r - ■ - ' 

This  system  satisfies  objectives  3 and  4 of  the  above  section  by 
-allowing  the  instructor  to  predefine  a training  scenario  which  is  to  be  followed 

during  the  training  session.  ; 

_j  Once  the  predefined  scenario  has  been  brought  into  the  computer,  the 
—instructor  need  only  release  the  computer  to  the  automated  training  system  and  train! 

i 

ing  will  proceed  as  defined.  During  the  time  the  automated  training  system  is  in 
control , the  instructor  still  has  full  control  over  the  insertion  of  additional 

•malfunctions,  or  to  inhibit  the  insertion  of  the  predefined  malfunctions. 

• v • 
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At  any  time  during  the  scenario,  the  instructor  may  reassume  direct 
control  of  the  simulator,  effectively  cancelling  the  predefined  profile. 

In  addition  to  automated  mission  profiles,  the  system  allows  for 
the  generation  of  predefined  data  gathering  modules.  These  modules  allow  the 
instructor  to  predefine  data  values  which  are  to  be  monitored  at  specific  times 
and  hard  copied. 

As  an  example,  during  the  landing  approach,  the  instructor  may  wish 
to  know  the  value  of  the  following  parameters  as  the  spacecraft  crosses  the 

outer  marker:  __  ...L . ...! ....  . 

! — .u_  Altitude  —!• — 1 •*—  ' -!—  ’ ' 

_ ..L.  : _ „J L : 

• Airspeed  ] 

' ' i__  [ Heading  . ; J ' _ _ _ _ . I ...  . [ J 

Deviation  from  Localizer  Center  Line  , ' — • - 

’ . i ; 

L j.  i . j_  . ' 1-  ’ ' 

j Deviation  from  Glide  Path  Center  Line 

■ _•  _!  ! If  the  instructor  must  wait  for  the  outer  marker  indication,  he  cannot 

devote  full  attention  to  the  trainee.  A performance  monitor  module  may  be  pre- 
defined to  gather  this  information  for  him,  freeing  the  instructor  from  this  task. 

1 ! !_  ■ To  implement  the  automated  training  system,  the  following  routines 

-will  be  required.  .. — , — : — j — r -7 — > — * — ^ — j — '■  - A ■ • 

o t » . ' | 1 1 ' . | 

| , i : ! ! } 1 ; , 

3.4 .’1 .6.8  ’ Module  Loader  " *•  ~|  : \ " i * • 

This  routine  responds  to  instructor  input  by  bringing  into  the 
- computer  the  selected  automated  training  or  performance  monitor  module.  Any 
references  to  the  simulation  data  pool,  as  well  as  any  other  software  linkage 

requirements,  are  satisfied  by  this  routine.  . ; • j ; j ; 

; j ; ' : i 

, 3. 4. 1.6. 9 Malfunction  Insertion  Handler  -----  -7 : — r- - - -4  --*-—4-  - - 

' — ; Thl-S  routine  interfaces  the  active  automated  training  module  with 

L ... ...  ...  . | 

the  simulation  data  pool,  allowing  preprogrammed  malfunctions  to  enter  the 


I ! : 

! ' _ ^ 
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simulation  problem.  Additionally,  this  routine  will  build  entries  in  the  table 
of  active  malfunctions. 

3.4.1.6.10  Output  Spooler 

This  routine  will  output,  to  a line  printer  or  mass  storage,  the 
formatted  data  and  explanatory  text  generated  by  the  automated  training  and 
performance  monitor  modules.  

3.4.1.6.11  Conversion  Routines  - : : 

These  routines  reformat  the  internal  binary  data  into  printable 

- characters.  The  implemented  conversions  will  include  Hexadecimal,  Octal,  Binary, 

Floating  point  and  integer.  ~ *7. 

3.4.1.6.12  Module  Sequencer  __  _ , 

, i ' 

- • r 1 This  routine  executes  and  controls  the  automated  training  and  per- 

formance monitor  modules  resident  and  active  in  the  computer.  Subroutine  linkage 

— * * ....  .* 

to  all  internal  and  external  routines  needed  by  the  modules  will  be  satisfied 

- - by  the  sequencer.  This  routine  will  also  maintain  internal  clocks  and  timers 

which  will  be  available  to  the  modules.  ' 

3.4.1.6.13.  Automated  Training  Module  , : _ 

--  — • -------  This  package  contains  the  predefined  logic . required  to  control  the 

simulator  as  defined  in  the  mission  profile.  J ■ 7 ' • 

3.4.1 .6.14  Performance  Monitor  Module  , - i 


- This  package  contains  the  predefined  logic  required  to  gather  the 

simulation  data  required  for  debriefing  or  post  training  session  evaluation. 


FIGURE  3. 4. 1.6-1 


FIGURE-  3. 4. .1.6-1  (Page  2) 
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3.4.1 .7 ' CRT  Pages  • ; ' ”;" 

"CRT  PAGES"  is  the  generic  name  for  all  software  processed 
by  the  CRT  off-line  processor  that  will  be  executed  during  the  real-time 
simulation.  Although  there  can  be  many  different  types  of  CRT  pages 
available  in  real-time,  it  is  felt  that  these  pages  will  fall  into 
seven  general  classes:  ‘ 

3. 4. 1.7.1  Panel  Pages  *y i - •. 

These  displays  represent  physical  crew  station  panels; 

switches,  lights,  readouts  and  meter  outputs  on  the  crew  station  panel 
are  repeated  on  panel  pages.  ' ! " * "" 

• ; 1 ' >1 

3.4.1 .7.2  Malfunction  Pages  1 ! ! ! • 

. . , . These  pages  are  used  to  introduce  malfunctions  into  the 

simulation  problem.  Additionally,  the  pages  build  internal  tables  which 

allow  a malfunction  page  to  "remember"  what  malfunctions  are  in  the 

1 , ; \ 

simulation  problem.  •.  _J  — •_ — j — . : — t 

• • j ' i i 1 ' ' 1 : 

3. 4. 1.7. 3 Special  Purpose  Pages  •"  ‘ ' " T ’ ! ~""r  •"  ; 


i , These  pages  provide  "one  of  a kind"  displays.  'Examples  of  this 
type  of  page  would  include  the  event  time  monitor  (which  monitors  crew  station 
swi.tch  and  analog  inputs  and  will  display  to  the  instructor  the  occurrence  of 
any  crew  activity),  and  the  tripped  circuit  breaker  page.  _ . _ ■ . _i_  . 

• j t ; t , 

3. 4. 1.7. 4  Utility  Pages  -■  * : ! — ; 

. . r These  pages  serve  as  a communications  media  between  the  

instructor  and  the  principal  control  and  display  routines  in  the  simulator. 
Functions  such  as  reset,  step-ahead,  write-reset  are  controlled  by 

i 

utility  pages.  The  parameters  monitored  by  the  X-T,  X-Y,  and  logging  , 

\ f • _ 

. **  | : ’ i ; , 

routines  may  be  changed  by  utility  pages.  '■  > 1 : 


1 * 
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3. 4. 1.7. 5 Engineering  Support  Pages 

The  engineering  support  pages  constitute  perhaps  the  largest 
group  of  pages.  These  pages  are  useful  in  performing  a detailed  analysis 
of  a simulated  system.  Depending  upon  how  they  are  programmed,  elements 
. from  each  of  the  above  classes  of  pages  may  be  included  in  a support  page. 

3.4. 1.7.6  External  Interface  Pages 

These  pages  display  the  interface  data  streams  between 
the  "Spacecraft"  and  the  "Ground".  The  telemetry  downlink  and  DCS 
uplink  data  streams  will  be  displayable  by  these  pages.  Any  additional 
' data  streams  that  may  be  unique  to  an  integrated  simulation  will  also 

! be  displayable  by  this  type  of  page.  . ■ ’ : __j i 

- 3.4.1 .7.7-  Crew  Station  Setup  and  Verification  (CSSUV)  Pages  

These  pages  provide  for  rapid  checkout  and  verification  of 

i crew  station  controls.  Each  CSSUV  page  will  inspect  a section  of  the 

i ' 

crew  station  and  compare  those  controls  against  a pre-defined  ‘DESIRED1 
value,  indicating  to  the  instructor  which  controls  are  not  physically 
in  the  desired  position.  When  the  controls  are  set  in  accordance  with 
the  desired  positions,  the  CSSUV  page  will  ‘MOVE  ON1  to  the  next  page  in 

i 1 ’ ; ; ....  ; ...  I \ ... 

~ j sequence.  | j ; | ; : j i , : i j ; I | j 

'V  . : j”l ■' : I’.'Xj. ,._l 

I , . , ■ • ■ j ■ j j : j ■ j i ; j i I j j | .* 
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3. 4. 1.8  CRT  Interactive  Processor  ’ ; ; ; 

J.  The  CRT  interactive  processor  supports  two  prime  functions: 
execution  of  CRT  page  programs  and  CRT  keyboard  entry.  Each  function  is 
delineated  below:  ' : . , 

3. 4. 1.8.1  Cyclic  Routines  ; • . .. ; • 

These  routines  directly  support  the  CRT  page  programs, 

thus  they  execute  in  a cyclic  fashion.  The  prime  routines  of  interest 

i i ! i .1  ' : 

are:  •...  , ■ .y .•  . 

• : : i ' - ’ : ' ■ . ! . ! j . ; ! i | 

3. 4. 1.8. 2 Top  Line  Processor  ;•  - "i  • r|-- 

! ! ! : ! ‘ 

i i | This  routine:  is  responsible  for  maintenance  of  the  top 
line  display  on  all  CRT's.  This  maintenance  will  include  updating  of 

• i • ; 

'•!!;(  i 

mission  times,  ground  station  contact,  etc.  

j ! j : 

3. 4. 1.8. 3 Page  Executive  ; i 1 1 ; j } ■ ; 

• i * 

. j | . The  CRT  page  programs  are  executed  under  control  of  this 

■ ; j 1 i 

routine.  The  page  executive  also  performs  the  final  linkage  between 
the  relocatable  CRT  page  and  the  common  data  pool.  ’ ’ ■ , j 

3. 4. 1.8. 4 Look  and  Enter  __  j : \ i LU.l 1 

— — — . 1 j | ■ i . j j • 

! i > : • • i i 

This  routine  will  maintain  correct  value  displays  on  any  screen 

; | i : ....  . _ ■ •; |_ ; ...  j 

which  has  an  active  look  and  enter  request.  j . ; j j j | j 

3. 4. 1 . 8. 5 Conversion  Routines  .. . 1 |_ l _! j ; 

— j . These  routines  convert  the  computer  binary  data  to  a form  " a 

, • ; ■ 1 i . , 

displayable  on  the  CRT  screen.  Possible  types  of  conversion  will  include 

* * i 

hexadecimal,  octal,  floating  point,  integer,  and  binary.  

i j j ; ! i ' 

3.4. 1.8. 6 Output  Routines  • : j "T  *;  ] — : ; 

. j These  routines  cause  the  CRT  display  to  be  transferred 

to  the  CRT  hardware.  . - J — , .•/ — !. i 1 ...s  . . i 


■ J — i--.  -i 


1 1 | 


r ! ! 


FIGURE  3. 4. I. 8-1 
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3. 4. 1.8. 7 Special  Purpose  Routines 

These  routines  interface  with  the  CRT  pages  described  in 

3. 4. 1.7. 3,  and  provide  the  very  specialized  functions  required  to  support 
those  pages.  The  routines  involved  in  this  area  will  include  an  event  time 
monitor  processor,  a tripped  circuit  breaker  processor,  and  a circuit  breaker 
malfunction  processor  for  use  by  the  panel  pages. 

3.4.1 .8.8  Keyboard  Support  . ...  

These  routines  respond  to  CRT  keyboard  input  and  perform  the 

required  actions  to  complete  the  request.  Examples  of  these  routines 
will  i ncl ude:  . j. 

3. 4. 1.8. 8.1  Page  Select  - 

This  routine  will  search  a catalog  of  available  CRT  pages 

and  load  the  selected  page  if  found.  ...  ....... L.J 

• . • : ■ : : : I ; 

3. 4. 1.8. 8. 2 Line  Select  - - : 

This  routine  will  scan  tables  built  by  the  CRT  off-line 

processor  and  will  build  a scratch  pad  line  entry  for  all  defined  input 

1 • ; 

fieilds.  ~j"" 

3. 4. 1.8. 8. 3 Look  and  Enter 

This  routine  allows  the  instructor  to  view  and/or  modify  any 
data  pool  parameter,  by  name,  independent  of  any  CRT  page  displayed  on  the 

• , , ; i . i ; 

CRT  screen.  \ ■ : ! ‘ ! i I 1 I 


3. 4. 1.8. 8. 4  Data  Conversion  Routines 


I ! 


I 

! ' 


These  routines  accept  as  input  CRT  keyboard  characters  and 
convert  them  into  computer  binary  numbers.  The  conversion  types  will 

include  hexadecimal,  octal,  integer.  Boolean,  and  floating  point  data. 

. ■ . . .. ' j \ . s..  ■ ..  ....  i 


■ v tt 

} j 

- -t * r • 


* P 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON.  NEW  YORK 


3. 4. 1.9  Simulation  Software  Structure 

. . i ■ 

! The  four  representative  mainframe  configurations  are  presented  in 
section  3.5.3  of  this  document.  This  section  will  describe  four  software 
structures,  one  per  configuration,  that  may  be  used  to  perform  the  required 
simul ation  task.  '■  . ; 

3. 4. 1.9.1  General  Design  Requirements  ■ • •-  • 

' ' In  order  to  arrive  at  any  simulation  software  structure,  there 

I 

are  several  general  requirements  that  must  be  made.  This  section  will 
delineate  the  major  requirements  applicable  to  all  the  simulation  software 
structures.  ■"  ! I " ! 5 I . 1 


I-  - The  majority  of  the  simulation  software  will  be  programmed 

in  FORTRAN,  or  a higher  level  language.  The  software  that  cannot  be 

> programmed  in  a high  level  language  due  to  the  nature  of  the  functions  to 
be  performed  will  be  programmed  in  the  assembly  language  of  the  computer. 

■ 3.4.1 .9.1 .2  The  Operating  System  ' ’ ! ' i j 

' The  Operating  System  will  provide  a hospitable  environment 

for  the  required  real-time  simulation  software  and  can  provide  all  required 
services.  These  services  will  be  delineated  elsewhere  in  this  report. 

! " 3.4.1 .9.1 .3  Iteration  Rates  J _ : ' . - _ ; , J 

j !(  1 ‘ 1 : ] • 

,•  ..  i Each  discrete  module  of  the  simulation  software  will  require 

! • I * i 

T iteration  (recurrent  execution)  at  one  of  the  following  rates:  20,  10,  5, 

2,  or  '1  times-  per  second.  _ J j ■ ; J_*_  j_  ..  _.j_  1 
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3. 4. 1.9. 1.4'  Asynchronous  Event  Synchronization  j — {--  ■ ;• 

: • The  processing  of  an  asynchronous  event  can  be  performed 

synchronously,  (i.e.,  input  elements  ,can  be  accumulated  at  random  intervals 
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(asynchronously)  and,  at  some  point,  processing  for  the  total  input  group 
can  be  initiated  and  synchronized  with  other  cyclic  activities. 

3. 4. 1.9. 1.5  Input/Output  ' ' ''  ' 

A request  for  I/O  does  not  cause  the  requesting  activity 
to  relinquish  either  execution  control  or  computer  resources  until  the  I/O 
is  complete.  ' ’ • I ' ■ ' 

3. 4. 1.9. 1.6  Programming  Considerations 

..  . The  OS  environment  and  services  provided  for  real-time  mode  will 

be  such  that  the  simulation  programmer  can  dedicate  himself  to  the  actual 
simulation  problem  and  be  relieved  of  recreating  or  duplicating  OS  functions 

i : : 1 . i . 

wherever  possible.  j-  • •-  - ; — ]••  • « •;  

i ' I:-!'.'!  : : i 

3. 4. 1.9. 1.7  Structure  Concepts  j : ]'  T’  : ; j * . 

; : : Since  the  Shuttle  Mission  Simulator  software,  like  any  other 

Veal-time  flight  simulator,  is  basically  a synchronous  entity,  a structure 
must  be  developed'that  will  insure  that  this  functional  format  is  maintained. 

Such  a structure  implies  a capability  for  independently  programming 

! ■ - -i • : 

separate  modules  and  later  collecting  them  into  a single  entity  for  execution. 

It  also  suggests  a capability  for  global  external  naming  (labeling)  in  both 

a . . J .......  . • - 1 • ‘ - I ‘ ‘ 

the  High  Level  and  Assembler  elements  so  that  proper  inter-module  communication 
can  be  established.  ~_r„ l.  ~ — L . . ;■  • i — - • • 

»;  : i ' i j ; : ^ ■ ; ! 

3. 4. 1.9. 1.8  Data  Pool  Concepts  ' ' ' J"  [”[  ; ’ T ' -p-— r ■ ■;  ' ' v ' 

i I j i'  The  named  data  values  required  by  the  simulation  software  will 

l '"t”'1*  ' ; i 1 ' : ' t I ; i ' { 'j  , ' ! i ‘ i ‘ i ; ' '' ' 1 

fall  into  two  major  classes:  -j---;  — •— 4--  •; - 


■ 4— !--  t 

I 


9 Internal  i‘  ~\  ‘ : " \ "T'  r ' 

• External  I ; 

Internal  data  values  exist  within  an  individual- program  and  are 


• I s 
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used  only  by  that  program.  External  data  values  are  shared  between  several 
programs. 

All  external  data  should  be  collected  into  one  area  freely 

accessible  by  all  software  modules.  Since  a high  level  language  will  be 
the  basic  programming  language,  a named  common  feature  can  be  used.  These 
named  common  areas  can  be  organized  by  simulated  system,  data  type,  data 
function,  or  by  any  other  method  that  is  convenient. 

Since  there  exist  named  data  value  interdependencies  between 
program  modules,  nonsequential  access  to  the  data  pool  is  required. 


i 
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3. 4. 1.9. 2  Simulation  Software  Structure  in  the  Univac  Configuration 

The  Univac  1110  configuration  consists  of  four  CAU's  sharing 
262K  primary  storage,  and  51 2K  extended  storage  per  crew  station. 

3. 4. 1.9. 2.1  General  Requirements 

The  following  requirements  apply  directly  to  the  structure 

definition: 

3. 4. 1.9. 2. 1.1  CAU  Execution  Rate 

Each  CAU  is  capable  of  executing  at  least  1.5  million 

instructions  per  second.  This  rate  will  include  all  memory  conflicts. 

e 

3. 4. 1.9. 2. 1.2  Prog  ram/ CAU  Dependency 

A direct  relationship  can  exist  between  a particular  program 

and  a particular  CAU. 

3.4.1 .9.2.1 .3  Operating  Systems  ... 

-•  The  operating  system  will  be  EXEC  8,  or  an  upward  compatible 

system.  j ' . : ' 


j _ ’ . j _ i _ 1 

r i i i i ■ 
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3.4.1 .9.2.1 .4  Execution  from  Extended  Storage  •; 

A CAU  cannot  execute  less  than  0.6  MIP  when  the  instruction 

stream  comes  completely  from  extended  storage. 

3. 4. 1.9. 2. 1.5  Parallelism  ■ i- - • - 

■ ■:  ' Large  portions  of  the  simulation  software  canbe  executed 

in  parallel . : ; : : [ ; . . 

"t  ’ 5 • ' * : ; " 7 ’ ; * i * i ; 

3. 4. 1.9. 2. 1.6  Serial  Execution  •-  -i  - ~i : r • - ; • 

— j j 

; ' ''"I  When  the  simulation  software  must  be  executed  in  a serial 

mode,  that  software  will  be  executed  in  one,  and  only  one,  CAU.  The 

computational  demand  does  not  exceed  the  limit  of. 3.4.1 .9.2.1 .1  or  3.4.1 .9.2. 1 .4 

! ; ; ; _ • . ; 

Jabove.  ---■■■  ; ■ ;•  ; ’ | j j ; j ' i i ! 

- - : . ■ ■ ! ••  - t 4 j- — • ;--,••••  ’ ; [ ’ 

3.4.1 .9.2.1 .7  External  Interrupts  I..'...!..:.  !•  ; !.  * ' . ' 

. j...  ■ j j ' . ; \ . ' . 

. .!  _j  . , ...  Upon  the  occurrance  of  an  external  interrupt,  the  operating 

is:  ' ' 

“system  will  pass  control  to  one  unique  entry  point  in  the  simulation  software 

•package.  • ; L . 1 ! ..i J j__.J  ..  L.  ! 1 . -1  -i : ' - 

- ,3.4.1 .9.2.1 .8  Operating  System  Size  J-  ! f • f~~ \ — \ • • 

' I''  ’The  operating  system  will  occupy  the  first  30K  words  of 

primary  storage.  ; j J j . j_  j j. . i . 1 i , ...  . . 

• ’•  “•  ’I  " ’**[.’  ; ] j j | . "J  • i ' 

3.4.1 .9.2.2  Structure  -;~-r  - -1  — j ; • }•  i --!••••  } --  * -f  — ' : • ; 

: , ~ i j ■ i | ; j j ■ I • ; ; , 

~ 3.4.1 .9. 2. 2.1  Basic  Structure  'TT’T  : | j_|  : ! 

I ! ! The  basic  software  structure  is  illustrated  in  Figure  3. 4. 1.9. 2-1 

- — j j '••;•••'  • • : !'  ' ' 

- 'A  core  memory  map  is  shown  in  Figure  3. 4. 1.9. 2-2.  As  can  be  seen,  this 
approach  has  no  overlay  segments.  The  rationale  for  this  is  as  follows: 

1 ; . e With  the  present  fixed  base  core  loading,  and  a maximum 

transfer  rate  of  24QK  words/sec  from  the  drum,  no  significant  reduction  in 

I i : . ... \ ... ,.  .. 

the  total  core  loading  could  be  made.  j i i 


i — ..  i 


-■» 1 ~ - * - 


I ' j 

i 

: ...  i — .j 

s i t 


F. 398-8- 


DATE  3/23/73 


REV. 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON.  NEW  YORK 


PAGE 

no.  3-462 

REP. 

NO. 

© To- implement  a simple  overlay  structure  will  require  the 
dedicated  use  of  two  high  speed  drum  memories. 

3.4.1 .9. 2. 2. 2 Jump  List  Management 

■ ' The  simulation  software  will  be  organized  into  four  separate 

jump  lists:  A,  B,  C,  and  D.  The  occurrance  of  a program  call  in  any  particular 
_ jump  list  will  be  a function  of  four  constraints:  • 

© The  effect  of  parallelism  upon  the  module, 
e The  requirement  for  serial  execution. 

; . o Program  iteration  rate.  \ . ..  ■< 

-1 r : e Mission  phases  for  which  execution  is  required. 

; ! It  is  invisioned  that  the  A,  B,  and  C jump  lists  will  contain 

all  20,  10  and  5/sec  modules  that  execute  in  all,  or  almost  all,  mission 
phases.  Low  rate  programs  that  must  meet  serial  dependencies  with  these 
modules  will  be  executed  from  the  proper  jump  list.  Inspection  of  the 
memory  map  shows  that,  where  possible,  all  modules  for  the  "A"  jump  list  are 
grouped  together,  the  "B"  jump  list  modules  are  together,  as  are  the  "C" 
modules.  Grouping  this  way  will  confine  most  memory  contention  to  the  data 

pool  and  subroutine  area.  -|-  -4 .....  i \ j t ...  - -j 

: i ■ • , ■ i 1 ■ ' • ' ; ' 

■~r  ■-  The  "D"  jump  list  will  consist  of  modules  with  low  iteration 

-rates,  or  those  which  are  only  executed  in  one  or  two  phases,  (e.g.,  ABES). 

. This  will  allow  programs  in  extended  storage  to  be  executed  by  one  CAD.  Thus 
"■the  hi  ah  overhead  of  execution  from  extended  storage  is  isolated  in  one 


CAU,  which  allows  easier  control,  of  the  loading. 


■-h- 
- *- 

1 ... 


! i i 


& "•  r 

j ..  i.  A 
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Extended  storage  will  also  contain  the  large,  low  access 

• ■ * • • . i 

tables,  (e.g.,  RADIO  ALT. MAP)  which  have  limited  use  during  the  simulation 
session.  High  access  tables,  (e.g.,  AERO  DATA),  will  remain  in  primary 
storage  to  eliminate  memory  delays. 
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3. 4. 1.9. 3 Simulation  Software  Structure  in  Xerox  Siqma  9 


The  Xerox  Siqma  9 complex  contains  two  configurations:  Five 
Sigma  9's  with  448K  words  of  memory,  and  eight  Sigma  9's  with  51 2K  words 
of  memory.  . 

3 . 4 . 1 . 9 . 3 . 1 General  Requirements  : . ; ; . . . . , 

The  following  requirements  were  made  during  the  structure 

definition:  ■ , 

3. 4. 1.9. 3. 1.1  CPU  Execution  Rate  ; ‘.  . ; 

' < ; - • That  each  Sigma  9 is  caoable  of  executing  0.8  million 

I - ' ; ' . . ; ....  j , : 

instructions  per  second.  . , * : : ! ' 

3.4.1 .9.3.1 .2  Memory  Available  to  Each  CPU  ...  , ...j.  _ 4 !.  j.  . i 

- r ; ■ ;•  w ;That  all  CPU's  are  capable  of  accessing  all  core  memory  within 

the  configuration.  • 1 | i 

,3.4.1 .9.3.1 .3  Memory  Available  to  I/O  System  . ■ ......  | ... ..  . i.  . :.  . ! . .,  . : . 

- s ■ ; - That  a part  of  the  I/O  system,  under  control  of  one  CPU, 

i'll.;  ■ ' I 

can  access  all  core  memory  within  the  configuration.  i i j j 

3.4.1 .9.3.1 .4  Background  Processing  ...  ....;  J.  , 


t ■ ; • 

- j : ;•  f-  That  the  configuration  has  no  requirement  for  background 

processing  concurrent  with  simulation.  \ i { i i ! 

; i"‘  i ; "1  "1'"T  : ” : 

. 3.4.1 .9.3.1 .5  Operating  System  J — 1„  : . 

< j 

- ; j ■ i That  the  simulation  software  structure  will  execute  under 

‘direct,  control  of  either  a standard  vendor-supplied  real-time  operations 
system  (e.g.,  CP-V).  That  the  operating  system  is  cognizant  of  the  fact 
;that  there  are  multiple  CPU's  in  the  configuration.  r | 

, 3.4.1 .9.3.1 .6  External  Interrupts  ’ • ; : j : 

’.  | :.  ; ;That  upon  the  occurrence  of  an  external  interrupt,  the 

t ' • 

operating  system  will  pass  control  to  a unique  point  in  the  simulation  package. 
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3.4.1 .9.3.1 .7  Parallelism 

That  large  portions  of  the  simulation  software  can  be 

■ executed  in  parallel . : ’ ‘ : r ‘ . 

3.4.1 .9.3.1 .8  Serial  Execution  ! : i ^ ; 

When  the  simulation  software  must  be  executed  in  a serial 

mode,  that  software  will  be  executed  in  one,  and  only  one,  CPU.  The 
computational  demand  does  not  exceed  the  limit  of  3.4.1 .9.3.1 .1  above. 

3. 4. 1.9. 3. 2 Simulation  Software  Structure  1 ■•••!--•  ; - ‘ ' 

, i : 

3.4.1 .9. 3. 2.1  Basic  Structure  ; - • - " 

1 The  basic  structure  for  the  five  CPU  configuration  is  shown  in 

Figure  3.4. 1 .9. 3.-1 1.  It  will  be  obvious  that  the  same  structure  can  be  used 
in  the  eight  CPU  configuration.  A core  memory  map  is  shown  in  Figure  3. 4. 1.9. 3-2. 

As  can  be  seen,  this  approach  has  no  overlay  segments.  The 
basic  rationale  for  this  decision  is  as  follows:  ! * : ’ 


< 


Due  to  the  number  of  CPU's,  the  size  of  any  particular  overlay 
segment  would  not  justify  the  number  of  high-speed  mass  storage  devices  that 

! i ; , : 

would  have  to  be  dedicated  to  each  CPU.  : . , -1  \ . 

! ’ | j : ; j • ( i : 

3. 4. 1.9. 3. 2. 2 Jump  List  Management  ‘'j 

The  simulation  software  will  be  organized  into  five  separate 


jump  lists:  A,  B,  C,  D,  and  E.  The  occurrence  of  a program  call  in  any 
particular  jump  list  will  be  a function  of  four  constraints.  , i 

' ” ; T T V The  effect  of  parallelism  upon  the  module.  | 

: o .The  requirement  for  serial  execution.  -r.-f j--- 

• ; 1 * I ! 

- 8 Program  iteration  rate.  f ! ; ; ’ I" 

« Mission  phases  for  which  execution  is  required- 
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It  is  anticipated  that  the  total  execution  demands  will  be 
spread  evenly  across  all  CPU's.  ; 

Inspection  of  the  memory  map  shows  that,  where  possible,  the 
program  load  for  each  CPU  will  be  contained  in  separate  areas  of  memory. 

This  will  confine  most  memory  conflict  to  the  data  pool  and  subroutine  areas. 
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3. 4. 1.9. 4 Simulation  Software  Structure  in  the  IBM  Configuration 

; The  IBM  complex  contains  two  configurations:  one  MP168  with  4 M 

bytes  shared  memory  (referred  to  as  the  "A"  complex),  and  one  168  with  2 M 
bytes  of  memory  (referred  to  as  the  "C"  complex). 

Because  of  the  existance  of  two  non-symetrical  configurations, 
the  IBM  complex  will  require  two  structures,  which  will  be  referred  to  as  the 
"A  Structure"  and  the  "C  Structure".  , ; 

f ~ i . 

3. 4. 1.9. 4.1  General  Requirements  ! 

The  following  requirements  were  made  which  apply  directly  to  the 
structure  .definition:  • j j i j | : , j j ; j 

..3. 4. 1.9. 4. 1.1  CPU  Execution  Rate  ..  ! L .. ' : 

i ■ . ; . ' • ‘ . 

■ ; -t  Each  CPU  is  capable  of  executing  at  least  4.0  million 

.instructions  .per  second.  1 ; • j j j • ■ , j ' 

.3.4. 1 .9.4.1 .2  Proqram/CPU  Dependency  : ...  J ...4 i—l~  . J . L . ... 

j ; L ! ; ! i [ 

I That  a direct  relationship  can  exist  between  a particular 

I 1 I • ’ _ . _ , t . ( J 

program  and  a particular  CPU.  j i j ] [ | i i ; ! \ j 

...  I ""  r '"i"  f ' ■]"'■  ] j ""  ‘ " r : ""i  | j ! 

3.4.1 .9.4.1 .3  Operating  System  ; j._  ; { 1 . --t-  j....  L..J..  } j.  .. 

; j I ■ i i ' | • i . ! ; 

• • - • That  the  operating  system  will  be  VS/2.2  or  an  upward 

compatible  system.  ; i • ' 1 ! : ; • !'  j j j i j • 

. 3.4. 1.9. 4. 1.4  Parallelism  . j ..-.L] i i.J.J  ! 

» • * ‘ ! I " . ! ’ ' 

■ • Large  portions  of  the  simulation  software  can  be  executed  in 

parallel.  . _ j I | ' | I - : i j i j | j j | j i ! 

. 3.4.1 .9.4.1 .5  Serial  Execution  L i i ! _.  i j. L.  . L_.i. . 

— - . • ' J } • i . . : : j ! 

/ When -the  simulation  software  must  be  executed  in  a serial 

mode,  that  software  will  be  executed  in  one,  and  only  one,  CPU.  The 
computational  demand  does  not'  exceed  the  limit  of  3.4.1 .9.4.1 .1,  above. 
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3.4. 1 .9.4. 1 .6  External  Interrupts 

- Upon  the  occurrance  of  an  external  interrupt,  the  operating 

system  will  pass  control  to  one  unique  entry  point  in  the  simulation  software 
package.  : • i ; ; 1 ; ; 

3.4.1 .9.4.2  Structure  - - > - <- ;■  ■ ■ <-  . 

i • • i : 

3. 4.1.9. 4. 2.1  Basic  Structure  ' ; ’ : ' " ' ~ 

■ _ ' Neither  the  "A"  or  "C"  structure  utilize  overlay  segments. 

The  rationale  for  this  is  as  follows:  • ■ | — S — l - ....  ■ 

”|  r V To  implement  a simple  overlay  structure  will  require 
dedicated  use  of  one  or  more  high  speed  drum  memories  per  complex. 

•3.4.1 .9. 4. 2. 2 Basic  "A"  Structure  • j-- -j  - t...  — j — ' - 1 — i—  -*  -l--  , 

! [ This  structure  is  illustrated  in  Figure  3. 4. 1.9. 4-1.  A 

core  memory  map  is  shown  in  Figure  3. 4. 1.9. 4-2. 

) , * , i • ‘ . 1 

•t ■ -s-  j - The  figure  illustrates  that  all  simulator  control  functions 

i 1 • * 

are  performed  in  the  "A"  computer.  The  'sync  control'  module  inhibits  SSPP 
execution  until  notified  by  master  control  that  parallel  execution  may 
proceed.  After  the  "B"  SSPP  has  completed  execution  of  a frame,  the  sync 

s 

control  module  causes  the  simulation  programs  in  the  "B"  computer  to  re-enter 

the  wait  state  until  again  posted  by  master  control.  1 1 j 1 | 

, ' . yt  ‘ ; ! ""i ■ 

3.4.1 .9. 4. 2. 3 "A"  Structure  Jump  List  Management — j — j — — i— -r — ■ 

j i j j The  simulation  software  will  be  organized  into  two  separate 
jump  lists,  A and  B.  The  occurrance  of  a program  call  in  either  jump  list 

: ' ‘ ■ i j ! 

will  be  a function  of  four  constraints:  — -i— j — i-  , — i- 

r ♦ ! 1 i ' 

- , i i f ; 

' ' _ 4 I 

; i • The  effect  of  parallelism  upon  the  module.  ~ j ’ " ’ "j ' | 

© The  requirements  for  serial  execution.  ■ . . ; 

!.  ....  ...  i — 'a  i .i j L...  i . J iV  U:  .j..J  .!..  j j 

j j 4 ; j . * t 1 j [ : , , • j ■ ; 

: : T j }’“  j T ”T  j I.  j ; T8  P j'  i -'jpj'  " i ! 

i rrr  rz  ! ! .LU’ pir|, T r.TJ  Xl7.~.: prl  ^ 
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9 Mission  phases  for  which  execution  is  required. 

The  “B"  jump  list  will  exist  as  a daughter  task  to  the  "A" 
jump  list,  eliminating  memory  protect  conflicts.  The  two  jump  lists  will  be 

kept  in  sync  via  a "WAIT/POST"  arrangement.  

3.4.1 .9. 4. 2. 4 Basic  "C11  Structure  • , 

This  structure  is  illustrated  in  Figure  3. 4. 1.9. 4-3.  The 
i"C"  structure  is  very  similar  to  the  "A"  computer  structure,  the  principal 
differences  being  the  lack  of  the  need  to  interface  with  another  computer,  and 
the  fact  that  all  programs  will  be  executed  by  one  SSPP.  I 


DATE  3/23/73 

REV. 


PAGE  NO.  3-473 
REP.  NO. 


F -398-8 


F-398-8  - 


F-398.8 


DATE  3/23/73 

THE  SINGER  COMPANY 
S IMUt AT  1 ON  PRODUCTS  DIVISION 

PAGE 

N0-  3-477 

REV.  . . 

' BINGHAMTON,  NEW  YORK 

REP. 

NO. 

3. 4. 1.9. 5 Simulation  Software  Structure  in  the  Control  Data  Configuration 


: The  Control  Data  Configuration  consists  of  one  7600  CPU,  65K  words 

SCM,  512K  words  LCM.  : ■ j i • 

3. 4. 1.9. 5.1  General  Requirements  ..  L 

The  following  requirements  were  made  which  apply  directly  to  the 
structure  definition:  ! 

3. 4. 1.9. 5.1.1  CPU  Execution  Rate  ; ; . . i 

i , 

• -j  • •;  - The  7600  CPU  is  capable  of  executing  15.0  million  instructions 
per  second.  This  rate  will  be  degraded  to  12.0  million  instructions  per 
second  by  block  transfers  to/from  SCM/ LCM.  . . ; ? • , 

; * , i : ‘ , • 

3.4.1 .9.5.1 .2  Operating  System  * — «-•  T- •»-•-!--  r •• 

• ~\  j ; :The  operating  system  will  be  Scope  2,  or  an  upward  compatible 


system.  ! ...  ; j..  4 j — ■ 

! i ! I j ■ : : i 

3.4.1 .9.5.1 .3  External  Interrupts  ;v  [ ’ | — f : ''"r' r '"j  ! 

: ; ' ; i ; ; _ j_  ’ . ' : 

i Upon  the  occurrance  of  an  external  interrupt,  the  operating 

system  will  pass  control  to  one  unique  entry  point  in  the  simulation  software 


; f * ' t t 

•package.  ■•  ••  r -r-  ; 

! I • : ! ! ; ! [ I I _!_ j ...  i _.i 1 . ; ; [ .. 

3.4. 1 .9. 5. 1 .4  Operating  System  Size  ; i j < ! j ! ; 

« J ; The  operating  system  will  reauire  the  first  8K  of  SCM,  and  the 

first, 65K  of  LCM.  ' * "j  : r - •••  * r j -j-;  -— - - 


,3.4.1 .9.5.2  Structure  ‘ ! ' [ ! ! ! j ; j _ 

: : T , . ! i I ■ ■ I i ; ; i ■ 

3.4.1 .9. 5. 2.1  Basic  Structure  4-  ~i — 4. — j..  ! — i — t — 1 — ; — 1 

— ■ - ! 1 1 1 

*■  • - The  basic  software  structure  consists  of  multiple  overlay 

segments  rolled  into  SCM  from  LCM,  using  the  block  transfer  instruction.  The 


software  structure  presented  in  this  section  , is  applicable  to  either  crew 
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station;  hence  the  structure  defined  will  be  for  Crew  Station  "X".  A duplicate 
structure  will  be  required  for  Crew  Station  "Y_". 

A core  memory  map  is  shown  in  Figure  3. 4. 1.9. 5-1.  As  can  be 
seen  from  the  figure,  the  programs  are  grouped  in  one  area  of  LCM;  the  "program 
commons"  (data  needed  by  only  one  program)  are  in  another  area;  and  the 
"global  common"  (data  needed  by  two  or  more  programs)  is  in  a third  area. 

(A  program,  PI,  has  program  common  Cl;  Program  P2  has  program  common  C2,  etc. 

Program  P2  does  not  need  any  data  from  any  "C"  except  C2). 

3. 4. 1.9. 5. 2. 1.1  SCM  Utilization \ r 

„j. j.  The  simulation  software  will  view  SCM  as  if  it  has  the  format 

: depicted  in  Figure  3. 4. 1.9. 5-2.  ------  - ----  ■ • - 

j , ; ; ; ' ‘ ; 

;■  i ; j Due  to  the  computer  architecture,  the  CPU  executes  at  its 

^fastest  rate  when  both  programs  and  data  reside  in  SCM.  It  is  the  function 
of  the  "jump  list  sequencer  and  memory  management"  (OSMM)  routine  to  move 
programs  and  their  common  area  into  SCM,  execute  the  program,  then  move  the 
program  common  back  to  LCM  until  needed  again  by  the  program.  i 

3.4.1. 9.5. 2.1. 2 LCM  Utilization  ; \ T'.V"'-  I 1 .1 

\ j : ; • LCM  is  used  as  a high-speed  mass  storage  device.  As  noted 

above,  the  simulation  programs,  program  common  and  global  common  reside  in 

° LCM  and  are  rolled  in  from  LCM  to  SCM  prior  to  execution.  After  the  program 
has  executed,  its  program  common  is  rolled  back  out  to  LCM.  When  all  programs 
. in  a frame  have  executed,  the  global  common  is  rolled  out  to  LCM. , ....j 

3.4.1 .9. 5.2.1 .3  Typical  Frame  Execution  * . ' 1 ; - ; 

For  illustrative  purposes,  let  us  assume  that  a computational 
frame  contains  two  programs,  "PI"  and  "P2",  which  have  program  commons  "Cl" 

» c?  ,i  ; • * 

and  "C2";  the  global  common  used  is  "GC".  / ; \'"V  : ; >* ; 


. «.  ! ! i 

^ . j 

1 \ i 

• i i i 

4-.  t.-  I 


1 : ; .x  : 
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The. following  events  will  occur  during  the  frame  execution: 
o Occurrance  of  an  external  interrupt  (e.g.,  50  ms  pulse) 
will  cause  the  operating  system  to  load  SCM  with  the  JSMM. 

© The  JSMM  will  move  global  common  "GC"  into  SCM. 

; ! © JSMM  will  move  program  common  "Cl"  into  the  program  common 

area  of  SCM.  j ■ - ■ \ • 

‘ ' § JSMM  will  move  program  "PI"  to  the  program  area  of  SCM. 

1 _•  _ ; ; e JSMM  causes  program  "PI"  to  be  executed. 

* -!  ■ ■ @ At  the  conclusion  of  Program  "PI"  execution,  the  JSMM 

will  move  program  common  "Cl"  back  to  where  it  existed  in  LCM,  and  will  move 

program  common  "C2"  into  the  program  common  area  of  SCM.  ; . . . ; 

j-  • 1 ■ r - e JSMM  will  move  program  "P2"  into  the  program  area  of  SCM. 

© JSMM  causes  program  "P2"  to  be  executed. 

‘ j t ' ® At  the  conclusion  of  Program  "P2"  execution,  the  JSMM  will 

| ■ move  program  common  "C2"  back  to  where  it  existed  in  LCM.  , r 
/ "!  "j  " ••  e The  senSes  the  end  of  the  frame  and  moves  the  global 

r ■■  ■ ■ * i ; ; 

: „ -common  "GC"  back  to  where  it  existed  in  LCM.  ■ \ i„..!  j...  . . 

-r ; © its  work  completed  for  this  frame,  JSMM  returns  to  the 

; | j ! ' j i _ ■ ; . 

operating  system  until  the  next  external  interrupt.  ; : 

' 3.4.1 .9.5. 2.1 .4  Two  Crew  Station  Operation  . i : ..L.  ; 

\ ' 1 
'■  -j-  f—y  : ! - 1 Since  both  crew  stations  will  have  the  same  basic  structure, 

■""the  principal  difference  between  them  is  the  external  interrupt  used  to  begin 

execution.  It  is  envisioned  that  the  central  timing  equipment  will  supply 

two  20  per  second  pulses  spaced  25  milliseconds  apart.  Thus  each  crew  station 

. receives  a 50  ms  pulse  for  internal  framing.  ; j ! • | ‘ 


— r-  4- 
: i 

TT 


♦ . . ..... 
! • i i 


i * * t » 


i“i  t rt 


: I ! : 


> i i 
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It  may  prove  desirable  to  supply  a "1  pulse  per  second"  and 
"1  pulse  per  minute"  for  each  crew  station,  the  two  pulses  of  each  type 
separated  by  25  milliseconds.  This  will  allow  correct  synchronization  when 
integrated  with  MCC  or  another  complex.  . ; •;  ; 

3. 4. 1.9. 5. 2. 2 Jump  List  Management  . ! - 

> All  of  the  simulation  programs  will  be  executed  from  one  jump 
list,  which  is  made  up  of  20  frames.  The  occurrance  of  a program  call  in 
the  jump  list  will  be  a function  of  two  constraints:  ; :-j-  ; ■>  • 

i_  ...  - « ....  . . 1 i * . i 

| ; ; a The  requirement  for  serial  program  execution.  ' 

. j ...  9 Program  iteration  rate  . . ; { j . , ...j..  !.  ;. 

j--;—  ; j - ; Each  entry  in  the  jump  list  will  consist  of  five  elements: 


1 o Program  address  in  LCM 
e Program  length 


i I I ■ ! 

•■[—  - f — i- 1 - 1 


! ! 1 I 

- • ■ - - 1 — < - - j- 


1 I ! 

j r 


to  execute. 


e Program  common  address  in  LCM.  ''  S - j— j- j j 

9 Program  common  length  j j • | j ] ( 

e Flags  indicating  for  which. mission  phases  the  program  is 

j : ; i _ j j : _ : | | | j _ j j j i I 

. ' : i : j i ! j : ! -i  ! | I I 1 


The  JSMM  routine  will  check  the  mission  phase  flags  prior  to 


moving  the  program  or  its  common,  eliminating  the  movement  overhead  if  the 


module  is  not  being  executed.  j"  t "i"  | i |“  1 ; ' 

; ! i The  first  and  last  entry  in  the  jump  list  will  contain  flags 

to  the  JSMM  indicating  the  LCM  location  and  length  of  the  global  common  area. 


i ! i 

.-  ..  t . - j . 


i 

i -i  - 
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3.4.2  Data  Management  System  (DMS) 

The  DMS  as  depicted  in  Figure  3. 4. 2-1  will  provide  the  maintenance  and 
status  capabilities,  through  an  automated  process,  of  the  detailed  hardware 
and  software  configuration  of  the  SMS. 

The  focal  point  of  the  DMS  is  the  Generalized  Data  Base  Management 
System  (GDBMS).  The  GDBMS  is  a computer  manufacturer's  system  (CODASYL 
Standard)  data  base  management  system.  The  GDBMS  should  provide  the  following 
major  features: 

Data  Structure 

Data  structure  is  the  view  of  the  data  as  seen  by  the  user  of  the  system 

i 

and  excluding  any  details  of  storage  techniques  used  which  are  covered  in  a 
separate  section.  An  understanding  of  the  data  structure  of  either  kind  of 
data  base  system  is  essential  to  a good  understanding  of  its  capabilities. 

Data  structure  levels  are  identified  as  item,  group,  group  relation, 
entry  (record),  file  and  data  base.  The  definition  of  a data  structure  is 
referred  to  throughout  the  report  as  a schema.  It  is  also  possible  in  some 
systems  to  have  several  sub-schemas  which  are  subsets  of  the  schema. 

Data  Definition 

The  language  and/or  tabular  formats  used  to  define  a schema  representable 
within  the  system's  capability  to  handle  data  structures.  : ~ 

Interrogati on 

Interrogating  a data  base  is  a process  of  selecting  and  extracting  some 
part  of  the  whole  data  base  for  display,  usually  in  a hard  copy  printed  form. 

One  section  of  the  interrogation  function  defines  how  the  part  is  selected.  The 
second  part  covers  how  operations  such  as  computation,  sorting  and  formatting 

i 

may  be  performed  on  the  selected  part.  The  concept  of  interrogation  is  an 


< 

co 


6 
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intrinsic  self-contained  capability.  The  implication  is  that  the  user  is  able 
to  formulate  a query  in  the  language  of  the  system  without  detailing  the  sequence 


of  steps  used  to  access  the  data  base  and  extract  the  information. 

Availability  of  the  interrogation  function  implies  that  a built-in  processing 
algorithm  for  the  function  is  provided  by  the  system.  In  the  simplest  case, 
the  processing  algorithm  is  that  of  sequentially  searching  a stored  file, 
copying  out  records  which  satisfy  some  conditional  expression,  and  building  up 
a report  based  on  the  data  contained  in  these  records.  There  are  many  degrees  of 
sophistication  even  within  the  framework  of  the  basic  sequential  search  algorithm. 
Other  processing  algorithms  cause  the  file  to  be  accessed  to  obtain  the  required 
inforation,  using  various  techniques  which  avoid  a sequential  search. 

Update 

Updating  a data  base  is  a process  of  changing  the  value  content  of 

some  part  of  the  data  base.  It  excludes  restructuring  of  the  data  which  would 

cause  a modification  to  the  stored  data  definition.  Update  is  a process  somewhat 

analogous  to  interrogation  in  that  some  part  of  the  data  base  must  first  be  selected. 

*• 

In  most  self-contained  systems,  the  selection  facilities  are.  model  led  on  those 
used  in  the  interrogation  function.  However,  once  the  part  is  selected,  it  is 
changed  in  some  defined  way  rather  than  displayed  in  a report. 

Update  is  intrinsically  a self-contained  capability.  It  also  implies 

«s 

a built-in  processing  algorithm,  but  the  possible  ways  of  implementing  it  are 
even  more  varied  than  for  interrogation.  In  some  systems,  both  update  and 
interrogation  can  be  performed  during  the  same  sequential  pass  of  a file  in  the 
data  base.  * • 


C 
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Creation 

An  important  preliminary  to  the  creation  function  is  that  of  data 
definition.  It  is  necessary  to  provide  a set  of  records  to  form  the  initial 
instance  of  a file.  Other  functions  are  data  validation,  security  specification 
and  control  over  media  type.  Data  base  creation  is  considered  to  be  one  of  the 
important  functions  for  the  data  administrator.  Creation  may  imply  a built-in 
processing  algorithm  as  for  interrogation  and  update,  or  it  may  have  to  be 
programmed  in  a conventional  sense.  In  many  cases  it  is  a use  of  the  updatinq 
function  applied  to  a null  file. 

There  is  no  clear  division  here  between  self-contained  systems  and 
host  language  systems.  Some  self-contained  systems  do  require  a programmed 
approach  to  file  creation.  This  implies  that  providing  the  initial  instance  of 
the  file  is  a function  which  has  to  be  programmed  using  facilities  other  than 
those  provided  by  the  system. 

* 

Programmer  Functions 

Programmer  functions  are  defined  as  host  language  capabilities. 

They  are  functions  upon  which  a programming  user  may  call  when  writing  a program 
in  a host  language.  The  most  important  programmer  function  statements  are  those 
which  permit  him  to  initiate  data  transfers  between'  the  stored  data  base  and 

ft 

high  speed  memory.  Other  statements  may  be  provided  to  allow  him  to  issue  file 
control  statements  such  as  open,  close  and  hold. 

Any  function  considered  to  be  in  the  domain  of  the  data  administrator, 


even  though  its  use  may  be  on  the  level  of  the  programmer,  is  not  considered 
in  this  section.  , , 
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Data  Administrator  Functions 

The  data  administrator  is  an  individual  responsible  for  a data  base. 

His  role  is  identified  to  some  extent  in  both  host  language  and  self-contained 
systems.  Such  functions  include  monitoring  system  operation,  preservation  of 
system  integrity  and  security,  and  providing  for  restructuring  the  data  base 
to  accommodate  new  record  types  or  new  items.  Some  of  the  data  administrator's 
functions  may  have  to  be  performed  with  a programmer  level  language  in  some 
systems.  In  this  case  the  designation  of  a function  as  an  administrator  function 
is  subjective. 

Storage  Structure 

Each  level  of  the  data  structure  has  a stored  representation  which  is 
referred  to  as  the  storage  structure.  The  file  level  storage  structure  defines 
how  entries  are  stored  in  physical  blocks  to  form  the  stored  representation 
of  the  file.  This  level  is  often  dictated  by  the  input/output  control  system, 
which  in  third  generation  operating  systems  has  been  given  the  name  of  data 
management  system.  File  level  storage  structures  include  such  techniques  as  indexed 
sequential  and  other  ways  of  storing  a file  and  data  about  it  to  facilitate 
access  to  its  contents.  , ...  " 

The  entry  level  storage  structure  varies  more  widely  among  systems 
and  it-  defines  how  groups  or  items  are  represented  in  storage  to  form  the 
stored  representation  of  an  entry.  Sometimes  all  entry  data  is  stored  contiguously 
in  low  speed  memory,  but  in  some  systems  groups  are  mapped  into  segments  where 
the  segments  in  an  entry  may  be  stored  in  different  locations  in  low  speed 
memory.  Finally  item  level  storage  structure  usually  reflects  the  storage  modes  of 
the  machine  although  systems  exercise  different  levels  of  control  in  their  data 
structure  over  the  mapping  of  items  into  storage  structure  formats. 
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The  following  paragraphs  describe  the  functions  and  capabilities  that 
the  Data  Management  System  of  the  SMS  should  provide: 
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3 . 4 . 2 . 1 Simulation  Source  Management  System 

3.4. 2. 1.1  Master  Domain 

3. 4.2. 1.1.1  Files  ‘ 

CRT  Source  Modules  - A library  will  be  maintained  containing  one 

member  for  every  CRT  source  program  in  compressed  form..  This  library  would 
contain  test  areas  for  testing  new  page  programs  as  they  are  being  developed. 

- ■ Simulator  Software  Source  - A library  will  be  maintained  containing 

one  member  for  every  operational  program  in  compressed  source  form.  Strict 
coding  conventions  will  be  applied  to  insure  the  utilization  of  the  self 
documenting  features  of  a source  language  to  its  fullest  extent. 

3.4.2. 1.1.2  Processors 

: CRT  Off-Line  Processor  - A processor  will  be  provided  to  update 

CRT  source ^programs  and  compile  them  into  an  object  library  accessible  by  the 
real-time  CRT  processor.  Event  time  monitor  information  will  also  be  provided 
to  the  CRT  on-line  processor  through  this  program.  Additional  information  will 
be  passed  to  the  Status  Monitor  Package  and  the  cross  reference  data  set  will 
be  modified  for  every  CRT  page  which  undergoes  a permanent  source  update. 

Source  listings  which  result  will  be  passed  to  a simulator  source  listing  data  set. 

Simulator  Source  Update  Processor  - The  facilities  will  be  available 
to. make  program  changes  both  permanent  and  temporary  to  operational  programs. 
Object  data  sets  will  result  which  will  later  be  meshed  with  other  routines 
through  a load  generation  process.  Source  listings  which  result  will  be  passed 
to  a Simulator  Source  Listing  data  set.  L j_  , [ • [ • 

3. 4. 2. 1.2  Control  Domain  ...  ..  1 - -j — - • — *■ • - 

3. 4. 2. 1.2.1  Files  ‘ : ' • ' : " ; - r-  - - . 1—  ; ■ 

. ! . - - . - * - \ • • * 

CRT  Object  Program" Library  - A library  will  be  maintained  providing 

, ‘ t 

one  member  for  each  CRT  page  in  operational  or  test  status.  ' This  library  will 

! i ' i . ; j ; ( _ . i _ . l ... 
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be  of  a direct  access  nature  to  permit  fast  access  by  the  CRT  on-line  processor. 

ETM  File  - This  file  will  provide  the  real-time  CRT  processor 
with  the  information  needed  to  generate  the  event  time  monitor  and  tripped 
circuit  breaker  displays.  This  file  will  be  of  a direct  access  nature  to 
permit  fast  access  by  the  CRT  real-time  processor.  ; ; 

Simulator  Software  Object  - An  object  library  which  will  maintain  at 
least  one  object  copy  of  every  operational  program.  The  modules  will  be  accessed 
from  this  library  by  the  program  which  builds  loadable  modules.  ; 

1 Simulator  Source  Listings  - Source  listings  for  all  simulator 


software  will  be  maintained  in  compressed  form  that  they  may  be  called  out  for 
listing  at  any  time  from  a remote  site  or  the  central  processor  station. 


3.4.2. 1.2.2  Processors 


. .L.  , - 


[Core  Loading  Monitor  Program  - A program  will  be  provided  to 


analyze  the  output  of  the  loader  program  and  give  edited  printouts,  including 
module  lengths  in  decimal  and  other  special  data  pertinent  to  the  task  structure. 

! ! ! | Status  Monitor  Package  - A group  of  programs  will  be  provided  to 

* .......  ( 

update,  according  to  the  type  of  update,  the  SCR,  Mod,  and  DR  status  file. 
Programs  in  this  package  will  be  called  directly  from  processors  in  the  Master 


Domain. 


Time  Loading  Monitor  Program  - The  time  loading  monitor  program 


will  be  a special  real-time  executive  which  will  extract  timing  information  from 
individual  routines  as  they  run  and  store  this  information  in  the  Time  Loading 

' I , 

Status  File  for  future  reference.  7 " r-~r  / : [ 'T~7  ' ' 

3.4.2. 1.3  Report  Domain  ■ ■ j ; ! | l 1 ! i ! 1 I 

3.4. 2. 1.3.1  Files  ; , . -l....!  — L -i — -i  !■ 


1 ! Core  Loading  Status"  File  - A file  will  be  maintained  which  contains 

< all  core  loading  information  as  provided  by  the  Core  Loading  Monitor  Program. 
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This  data  will  consist  of  program  names,  size,  and  overlay  segment  if  applicable. 

Cross  Reference  (XREF)  Data  Set  - A data  set  containing  one  member 

for  each  source  module  and  each  CRT  source  program  will  exist  denoting  all  SDP 
terms  used  by  that  program  in  its  current  status.  This  information  is  provided 
by  the  Simulator  Source  Update  Package  and  the  CRT  off-line  processor. 

SCR,  Mod,  and  DR  Status  File  - A file  will  be  maintained  to  describe 
all  SCR's,  Mods  and  DR's  as  to  their  status  and  effect  on  simulation.  Information 
from  this  file  will  be  unloaded  to  permanent  storage  when  a given  time  period 
has  elapsed  after  final  incorporation  into  a training  simulator  load. 

: Time  Loading  Status  File  - A file  will  be  kept  current  containing 
timing  information  on  every  simulator  software  module. 

3.4. 2. 1.3.2  Processors  ; !....!  i. 

■ . ■ Core  Loading  Program  - A program  will  be  developed  to  provide 

complete  core  utilization  reports  from  the  Core  Loadi ng .Status  File. 

: XREF  Program  - A program  will  be  maintained  to  provide  a cross 
reference  of  all  terms  used  in  the  simulator  source  by  term  and  by  program.  An 
additional  facility  will  provide  a printout  of  all  terms  not  used  but  maintained 


in  the  SDP. 


i Time  Report  Program  - A method  will  ’be  provided  for  generating 


automated  time  reports  from  information  contained  in  the  Time  Loading  Status  File. 

; Source  Listing  Program  - A program  will  be  maintained  to  selectively 
print  source  listings  from  the  Simulator  Source  Listing  File  with  options  for 
printing  or  suppressing  assembly  language  printouts,  cross  references,  maps,  etc. 


!""!  T r ' " ! f 


1 * — { 
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3 . 4 . 2 . 2  Simulation  Data  Pool  Management  System 

3. 4. 2. 2.1  Master  Domain  . ' 

3.4. 2. 2. 1.1  Files  ’ j ; 

Confi duration  Data  File  - Sufficient  information  will  be  contained 
* . — — . ...  ■ ■ _ 

in  the  Configuration  Data  File  to  describe  completely  every  term  referenced  by 
the  real-time  simulation  source  modules.  This  information  will  include,  but 
not  limited  to,  description,  range  or  value,  units,  scaling  (fixed  point),  array 

information,  data  type  and  precision.  " V'  ’ ' 

, ■ Simulator  Software  Source  - A library  will  be  maintained  containing 

one  member  for  every  operational  program  in  compressed  source  form.  Strict 
coding  conventions  will  be  applied  to  insure  the  utilization  of  the  self 
documenting  features  of  a source  language  to  its  fullest  extent. 

' . ‘ . ■ ■ ■ - ; . ■ • i . - i ; , j ! . 

3. 4. 2. 2. 1.2  Processors  1 : L . 

: -■--•simulation  Data  Pool  Management  Package  --Processors  will  be 

developed  to  generate,  from  the  configuration  data  file  and  change  cards,  updated 
History  and  Alpha  files.  In  addition,  a processor  will  be  developed  to  generate 
the  necessary  data  pools  in  the  form  of  source  modules,  which  will  be  added 

to  the  Simulator  Software  Source  File.  Appropriate  information  will  be  passed 
to  the  Status  Monitor  Package  to  provide  a history  of  all  changes  made. 

a 

i j • : | 

3. 4.2. 2. 2 Control  Domain  ' "]  ; 1“  '[  ' ' f " T 

3.4.2.2.2.1  Files  ; ; ; j_  ! ' ; j_  ; . .1 ; 

1 . Alpha  File  - Configuration  Data  File  items  pertaining  to  each 

data  pool  term  are  contained  in  the  Alpha  file.  This  data  will  be  sufficient 
to  provide  linkage  to  the  data  pool  for  source  programs.  The  term  records  are 
in  alphabetical  order.  ; . L i-_  . . • - •-*-  . • 
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3. 4. 2. 2. 2. 2 Processors 

Status  Monitor  Package  - A group  of  programs  will  be  provided  to 
update,  according  to  the  type  of  update,  the  SCR,  Mod,  and  DR  status  file. 

Programs  in  this  package  will  be  called  directly  from  processors  in  the  Master 
Domain. 

3 . 4 . 2 . 2 . 3 Report  Domain 

3. 4.2. 2. 3.1  Files 

History  File  - The  History  file  will  contain  comparable  information 
to  the  Alpha  file  hov/ever  it  will  be  arranged  in  core  order  rather  than  alphabetical 
order..  Each  location  in  each  data  block  will  be  accounted  for. 

SCR,  Mod  and  DR  Status  File  - A file  will  be  maintained  to  describe 
all  SCR's,  Mods  and  DR's  as  to  their  status  and  effect  on  simulation.  Information 
from  this  file  will  be  unloaded  to  permanent  storage  when  a given  time  period 
has  elapsed  after  final  incorporation  into  a training  simulator  load. 

3. 4. 2. 2. 3. 2 Processors 

SDP  Report  Generation  Software  - Sufficient  software  will  be 
developed  to  generate  reports  including,  but  not  limited  to,-  the  following: 
Malfunction  Lists 
„ I/O  Term  Lists 

CDF  List 
History  List 

Alpha  List  
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3. 4. 2. 3 Simulation  Data  Package  Management  System 

3 . 4 . 2 . 3 . 1 Master  Domain 

3. 4. 2. 3. 1.1  Files 


Simulation  Data  Package  - The  simulation  data  package  contains  all 
data  received  from  outside  sources.  This  data  will  be  used  for,  but  not  limited 
to,  creating  the  following  real-time  data  sets: 

Reset 

Flight  Computer  Resets 
Aero  Tables 
Ephemeris  Data 

Visual  Data  (Film  Constants) 

3 . 4 . 2 . 3 . 1 . 2 Processors 

Simulation  Data  Processor  Package  - A separate  processor  program 
will  be  developed  for  generating  each  real-time  data  set  to  be  derived  from  the 
Simulator  Data  Package.  Status  information  will  be  passed  to  the  Status  Monitor 
Package.  Update  capability  will  be  provided  to  change  any  data  in  the  package 
as  new  data  is  received.  - 

3 . 4 . 2 . 3 . 2 Control  Domain  ; '' ' 

3. 4. 2. 3. 2.1  Files  • ; . 

i 

Real-Time  Access  Data  Files  - The  extent  to  which  real-time  data 
sets  will  be  provided  will  be  determined  by  the  requirements  of "the  simulator 
task. 

3. 4. 2. 3. 2. 2 Processors  ...  ! 

Status  Monitor  Package  - A group  of  programs  will  be  provided  to 
update,  according  to  the  type  of  update,  the  SCR,  Mod,  and  DR  status  file.  Programs 
in  this  package  will  be  called  directly  from  processors  in 'the  Master  Domain. 
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3 . 4 . 2 . 3 . 3 Report  Domain 

3. 4. 2. 3. 3.1  Files 

SCR,  Mod  and  DR  Status  Files  - A file  will  be  maintained  to  describe 
all  SCR's,  Mods  and  DR's  as  to  their  status  and  effect  on  simulation.  Information 
from  this  file  will  be  unloaded  to  permanent  storage  when  a given  time  period  has 
elapsed  after  final  incorporation  into  a training  simulator  load. 

3. 4. 2. 3. 3. 2 Processors  : 

Real-Time  Data  Set  Display  Package  - Sufficient  display  programs 
will  be  developed  for  formatting  printouts  of  all  real-time  data  sets. 


F-398.8  - 


3. 4. 2. 4. 1.1  Files 


Support  Software  Master  Source  - All  utility  support  source  not 
pertaining  to  Sections  3. 4. 2.1,  3:4.2. 2 or  3. 4. 2. 3 will  be  contained  in  Support 
Software  Master  Source  Library.  Software  in  this  library  is  controlled  source, 


changeable  through  standard  SCR  procedures. 


3. 4. 2. 4. 1.2  Processors 

Support  Source  Update  Processor  - The  capability  will  exist  within 
the  support  source  update  processor  to  update  existing  source,  create  appropriate 
object  modules  and  communicate  appropriate  information  to  the  Status  Monitor 


Package. 

3. 4. 2. 4. 2  Control  Domain 

3. 4. 2. 4. 2.1  Files 

♦ 

Support  Software  Load  Modules  - All  support  software  will  be  kept  in 
a load  module  library  ready  for  execution  with  no  pre-processing  required. 

Support  Software  Modules  - Individual  subroutines  may  be  placed  in 
an  object  module  library  for  later  incorporation  into  a load  module  when  combined 
with  other  subroutines.  • , • 

o 

3. 4. 2. 4. 2. 2 Processors 

Status  Monitor  Package  - A group  of  programs  will  be  provided  to 
update,  according  to  the  type  of  update,  the  SCR,  Mod,  and  DR  status  file.  Programs 
in  this  package  will  be  called  directly  from  processors  in  the  Master  Domain. 

3. 4. 2. 4. 3 Report  Domain  , 


< 


3. 4. 2.4. 3.1  Files 

4 

SCR,  Mod  and  DR  Status  Files  - A file  will' be  maintained  to  describe 
all  SCR's,  Mods  and  DR's  as  to  their  status  and  effect  on  simulation.  Information 
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from  this  file  will  be  unloaded  to  permanent  storage  when  a given  time  period 
has  elapsed  after  final  incorporation  into  a training  simulator  load. 

3. 4. 2. 4. 3. 2 Processors 

Not  applicable. 
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3.4. 2. 5.1  Master  Domain  ■ 

, j ; ■ ! i , . 

3. 4. 2. 5.1.1  Files  I"  ' " | ~\ r j • ; • ; m 

Flight  Program  Master  Source  - Flight  Program  masters  are  to  be 
kept  in  a library  which  contains  one  program  per  member.  Any  additional  flight 
program  source  information,  such  as  data  tables,  will  be  kept  in  the  same  data 


set  as  members.  | } | ; 1 j . i i ! ; j j : 

' ' I j • j • ! j j | I | ■ ; , i ! 

3. 4. 2. 5. 1.2  Processors  • -:-  -l  -i — i . ! — . 

■ ; i ! i i i i : i . 

_ _ i __  > l ! 1 » 

| i I"  ! Flight  Program  Update  Processor  - A program  will  be  provided  to  make 
updates  to  the  stored  flight  program  sources,  produce  loadable  flight  programs 
and  any  other  flight  information  required  for  real-time  operation  exclusive  of 

4 . i ! . i . 

reset,  which  will  be  handled  elsewhere.  Information  will  be  passed  directly  to 
the  Status  Monitor  Package  describing  the  changes  made  to  the  flight  source. 


■ 3.4. 2. 5. 2 Control  Domain  - — j — C — ;* — .*  — j — ; — .j — ^ i 

• ■ ‘ i i i i j i | ! | . . ! | i j : , , 

3 . 4 . 2. 5. 2. 1 Files  : f'~r~ ~ 1 ~ f~r™ ” j >■— ; — - - / 

p . — — . . ; i...  ..  I L _l._| l : i_  _.L 

i : Loadable  Flight  Program  - FI  ight  programs  wi  11  be  stored  in  a 

I library  accessible  to  on-line  operation  on  a read  only  basis.  - ; — j — ; - 

; t j * _ ; j ; a i I j ! ' ; 

; ! Real-Time  Flight  Program  Data  Sets  - Data  sets  which  are  necessary 

...f°r  real-time  flight  program  operations  will  be  provided.  This  does  not  include 

j reset  data,  which  is  part  of  the  Real-Time  Data  Set  Package. - L 


; 3.4. 2. 5. 2. 2 Processors 

( t • — ■ 

; r 1 ! . .. 


Status  Monitor  Package  - A group  of  programs  wi 1 1 be  provided  to 
update,  according  to  the  type  of  update,  the  SCR,  Mod  and  DR  status  file.  Programs 
in  this  package  will  be  called  directly  from  processors  in  the  Master  Domain. 


3 . 4 . 2 . 5 . 3 Report  Domain 
3.4. 2. 5.3.1  Files 


i r 


j ML 

j J j 1 

f ~ r“rr  ■ 
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SCR , Mod,  and  DR  Status  Files  - A file  will  be  maintained  to  describe 
all  SCR's,  Mods  and  DR*s  as  to  their  status  and  effect  on  simulation.  Information 
from  this  file  will  be  unloaded  to  permanent  storage  when  a given  time  period 
has  elapsed  after  final  incorporation  into  a training  simulator  load. 

3.4.2. 5.3.2  Processors  . ' V '""TV  j j 

T Not  Applicable  ! ' i • 
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3. 4. 2. 6 Sut 


inventory 


The  Supply  Inventory  System  is  a computer,  based  system  which  will 
control  the  supply  inventory,  providing  up-to-date  reports  with  a minimum  amount 

of  delay. 

i * ■ ' * 

3. 4. 2. 6.1  Master  Domain 

’ 1 ' “ 1 ‘""r~  j . , *' 

I 

3. 4. 2. 6. 1.1  Master  Files  i 

The  two  master  files  associated  with  the  supply  inventory  are  the 

Supply  Inventory  Master  and  the  Transaction  Master.  The  Supply  Inventory  Master 
file  will  contain  the  basic  information  on  the  items  in  the  inventory  such  as: 
manufacturer  part  number,  control  number,  part  name,  description,  stockroom 
location,  minimum  stock  level,  maximum  stock  level,  quantity  on  hand,  unit 

cost,  and  if  the  item  is  available  from  Federal  Stock.  ..  - . • 

• The  Transaction  Master  wi 11  contain  all  the  transactions  occurring 
against  the  inventory.  The  information  will  contain  such  information  as: 
control  number,  type  of  transaction,  quantity,  disposition  and  total  cost  of 
transaction.  i : 

3. 4. 2. 6. 1.2  Processors  J ...  . 

Two  types  of  data  are  input  the  Supply  Inventory  Processor  (SIP): 

basic  inventory  data  designating  stock  items  which  comprise  the  inventory 
base,  and  quantity  change  data  (transactions),  which  will  include  item  issue 
records,  receipts,  re-order  confirmations,  and  stock  returns.  This  data  would  be 

input  via  CRT's  or  card. 

The  SIP  will  process  the  inputs  against  the  Supply  Inventory  Master 
and  Transaction  Master  files  and  will  generate  the  re-order  and  excess  reports. 
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Once  the  quantity-on-hand  of  an  item  drops  below  the  stated  minimum,  it  is  put 
on  the  re-order  report.  Since  some  items  are  available  from  Federal  Stock  while 
others  are  not,  one  of  two  actions  will  be  performed.  For  all  items  available 
from  Federal  Stock,  the  re-order  form  will  be  printed  and  a re-order  transaction 
will  be  generated.  For  all  items  not  available  from  federal  stock,  the  re- 
order, and  re-order  transaction  must  be  generated  manually. 

3. 4. 2.6. 2 Control  Domain  ■ T , j_  ; . J_._. .■ 

3.4. 2.6. 2.1  Secondary  Files  : — , ; L - | — | - 

: ->•-  None ; ; ■“ ~*T~  ; ' • 

3. 4. 2. fi. 2. 2 ' Control  Software  ! _.  j ! X • 7 '• 

None  ; : •; - -■ •{ -t  - -7  •:  

3. 4. 2. 6. 3 Report  Domain  | | 7 ‘ " ■ ! ■ 

3. 4. 2. 6. 3.' 1 Status  Files  j ... J • 

s-  . 3. 4. 2. 6. 3. 2 Report  Software  ; ‘ . ' ll "‘1  _T  ! r 

--T  - The  supply  Inventory  Report  Generator  will  generate  three  types 

r 0f  reports:  inventory  listing,  transaction  listing,  and  current  usage.  These 

reports  are  generated  from  the  Supply  Inventory  Master  and  Transaction  Master 
& .... 

■;  files.  These  reports  may  be  by  manufacturer  part  number,  control  number,  part 

name/description  or  any  other  meaningful  order.  The  reports  generated  may  be 


--  , listings  of  the  entire  file  or  of  a specified  portion  of  it. 
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3. 4. 2. 7 User  Software  •i>- ' : . I 

User  software  is  that  software  not  directly  associated  with  the 
simulation  or  in  support  of  the  simulation.  * "" 

3 . 4 . 2 . 7 . 1 Master  Domain  j 

< • • , • t 1 i 

3. 4. 2. 7. 1.1  • Master  Files  - ' - -j—  •'  •:  j 

; The  master  files  for  the  user  software  will  consist  of  modules  of 

source  code.  The  source  may  be  in  any  programming  language  supported  by  the  vendor. 

3. 4. 2. 7. 1.2  Processors  . 1 

. ■ i 

-r  • The  processors  associated  with  user  software  are  all  vendors 

supplied  and  include  an  update  processor  to  maintain  the  source  modules,  language 
processors  to  compile  the  source,  and  a linking  loaner  to  build  the  load  modules. 
The  input  to  the  update  processor,  either  to  create  a new  source  module  or  modify 

an  existing  source  module,  can  come  from  CRT's  or  cards.  In  addition  to  the 

■ - ‘ .»• 

generation  of  the  object  modules,  the  language  processors  will  also  generate 

; • j ; i ( i 

listings  of  the  source.  \ u \ T j'  j ",  ; 

3. 4. 2. 7. 2 Control  Domain  I [ • ! j ’ i ’ . 

~ | ’ 4 ~'j"  : | 

3. 4. 2. 7. 2.1  Secondary  Files  — j — L ..  ; 4 — ' — j - — j- — • • , 

- The  files  associated  with  the  control  domain  are  the  object  modules 
generated  by  the  language  processors,  and  the  executable  load  modules  generated 

from  the  object  modules  by  the  linking  loader.  ' — L.  - --j  — - 

. , ! ] I ! ; ; 

- •3.4. 2. 7. 2.2  Control  Software  i |“  |“”  '•"!  j" 

1 1 | None  : ; ! ; j i ; i ! ! j ' ' 1 i 

, 3.4. 2.7.3  Report  Domain  -4-- i ••  - ' — !—  ! ' : 

« : i ' _ ' : ! ! 

3.4. 2. 7. 3.1  Status  Files  ' " J " ; j"  "•  'r  : 

t ■ ! . i * , 

None  : I i i ’ V . i ' 


3. 4. 2. 7. 3. 2 


Software 


.None 


i. 

; i 
1 
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The  Discrepancy  Report  System  will  provide  a means  of  monitoring  the 
status  of  discrepancy  reports  (DR's).  j I-  ... 

3. 4. 2. 8.1  Master  Domain  " ' ] 

3. 4.2. 8. 1.1  Master  Files  ; j j . . 

The  DR  Master  file  will  contain  all  the  pertinent  information 
associated  with  each  DR,  such  as  DR  number,  date  written,  simulator  effected 
(MBTS,  FBTS) , system  effected,  type  of  DR,  DR  statement,  person  who  wrote  the 

DR,  person  assigned  the  DR  status,  SCR's  associated  with  each  DR,  etc.  

' The  System  Responsibility  file  will  contain  the  name  of  the 

j 1 . • ' "•  • 1 ■ -r  -j  ; , ; 

responsible  person  for  each  system  of  each  simulator.  j__  j ; 

3. 4. 2.8. 1.2  Processor  . ;•■■■■!  -i  • [ 

; ! : The  DR  will  be  put  into  the  system  via  a CRT  by  the  originating 

individual.  At  this  time  the  DR  Processor  will  assign  a number  to  the  DR  and 
assign  the  DR  to  the  person  responsible  for  the  effected  system.  Any  changes  to 
the  DR  or  system  responsibility  will  also  be  entered  via  a CRT.  The  DR  status 
and  associated  SCR's  will  be  maintained  with  input  from  the  DR,  Mod,  and  SCR  Status 
file. 

3. 4. 2. 8. 2 Control  Domain  ; i > ! 

o 

3.4. 2.8. 


..  . - j. 

H • 

' i 


» - *-  - »-  • 


. ..I.  i-  * 


2. 1 Secondary  Files 

i 

• ..l  None 
3. 4. 2. 8. 2. 2 Control  Software 


i : 


3. 4. 2. 8 
3. 4. 2. 8 


None 

3 Report  Domain  • . 

3.1  Status  Files 

DR,  Mod,  and  SCR  Status  File 
- , - The  information  contained  in 

...i 


. i • . — i - 


i i 


i i 


i 

.j.. 


I 

. -»> 


the  DR,  Mod,  and -SCR  Status  File 

'2  .-  ) * ! <«• 

’ "i  f ’ i I ! i ; I i i I 
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(See  Section  3.4.2. 1.1.1)  is  incorporated  into  the  DR  master  file  for  use  in 

generating  the  DR  Status  Report.  : - 

3. 4. 2.8. 3. 2 Report  Software  , 

The  reports  generate  utility  data  in  the  DR  Master  and  System 
Responsibility  files.  The  reports  may  be  concerned  with  the  entire  file  or  a 
specified  portion  of  it.  Three  reports  are  generated  by  the  system:  system 

responsibility,  DR  listing,  and  DR  status.  The  system  responsibility  report  is 
a listing  of  the  System  Responsibility  file  and  may  be  generated  by  system, 
simulator  or  individual.  The  DR  listing  will  contain  a list  of  all  associated 
SCR  numbers  which  may  be  generated  for  specified  DR's.  This  listing  would 
serve  as  the  documentation  of  a DR  that  has  been  cleared  and  is  no  longer 
required  in  the  system.  The  DR  status  report  gives  the  ability  to  track  DR's 
through  the  system.  DR's  could  be  separated  by  status,  system,  responsible 
individual,  etc.  Status  information  on  specific  DR's  may  be  requested  from 
CRT's  and  displayed  in  real-time.  ; ( ! i j j 1 ■ ! 
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3.4. 2.9  Modifications  ' 

This  system  will  provide  a means  of  monitoring  the  status  of  all 
modifications  (mods)  within  the  system. 

3. 4. 2.9.1  Master  Domain 

3. 4. 2. 9. 1.1  Master  Files 

The  Modification  Master  file  will  contain  all  pertinent  information 
associated  with  each  mod.  This  information  shall  include:  mod  number, 

description,  schedule  dates,  DR's,  and  SCR's  associated  with  each  mod. 

3 . 4 . 2 . 9 . 1 . 2 Processors  ' . 1 • - • 

New  mods  and  changes  to  existing  mods,  such  as  schedule  dates, 

will  be  input  to  the  Modification  Processor  via  card  or  CRT.  The  mod  status 

and  associated  SCR's  will  be  maintained  with  inputs  from  the  DR,  Mod,  and  SCR  Status 


file. 

3. 4. 2. 9. 2  Control  Domain 
3. 4. 2. 9. 2.1  Secondary  Files 


None 


3.4. 2.9. 2.2  Control  Software 


3. 4. 2. 9. 3 Report  Domain  " !’  j ~j  ‘ T 

J ■ : T"~:  ! l -----  --- 

3. 4. 2. 9. 3.1  Status  Files  , < • i 

The  information  contained  in  the  DR,  Mod,  and  SCR  Status  file 
(See  Section  3. 4. 2. 1.1.1)  is  incorporated  into  the  Modification  Master  file  for 
use  in  generating  the  Mod  Status  Report.  , . _ ‘ . ; 


i . I-  - ! 
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3. 4. 2. 9. 3. 2 Report  Software 

The  reports  generated  utilize  data  contained  in  the  Modification 
Master  file.  These  reports  may  concern  the  entire  file  or  any  specific  mod. 

Two  reports  are  generated:  the  mod  listing  and  the  mod  status.  The  status 
for  any  specified  mod  could  be  requested  from  any  CRT  and  displayed  in  real-time. 
Contained  in  the  mod  listing  will  be  all  associated  SCR  numbers. 
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3.4.2.10  Software  Change  Requests 

This  system  will  provide  the  means  of  monitoring  software  change 
requests  (SCR 1 s ) . 

3.4.2.10.1  Master  Domain 

3.4.2.10.1.1  Master  Files 

The  SCR  Master  file  will  contain  the  SCR  update.  Contained  in  this 
file  will  be  additional  information  such  as  the  individual  writing  the  SCR, 
date,  and  DR  or  mod  with  which  the  SCR  is  associated.  '' ' 

3.4.2.10.1.2  Processors 

The  SCR  will  be  put  into  the  system  via  CRT  or  cards.  The  SCR 
processor  will  then  assign  a number  to  the  SCR.  Any  SCR  on  the  SCR  master  that 
is  in  test  status  may  be  modified  through  the  SCR  processor.  The  SCR  status 
will  be  maintained  with  input  from  the  DR,  Mod,  and  SCR  Status  File. 

3.4.2.10.2  Control  Domain  • •• 

~ ~ ~ — • a 

3.4.2.10.2.1  Secondary  File  ; ' j 

None  . : J..  4- : 

3.4.2.10.2.2  Control  Software  ' T ' 

None  j ! . 

3.4.2.10.3  Report  Domain  . . . . .L  . 1.  . 4 

’ 5 • i 

3.4.2.10.3.1  Status  Files 

The  information  contained  in  the  DR,  Mod  and  SCR  Status  File 
(See  Section  3.4. 2. 1.1.1)  is  incorporated  into  the  SCR  master  file  for  use  in 
generating  the  SCR  status  report. 


3.4.2.10.3.2  Report  Software 

. The  reports  generated  utilize  the  data  contained  in  the  SCR  master 

v 

file.  The  reports  may  be  concerned  with  all  SCR's,  SCR's  associated  with  a 
particular  DR  or  mod,  or  individual  SCR's.  Two  reports  are  generated:  SCR 
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listings  and  SCR  status- reports.  The  SCR  listing  will  serve  as  documentation  for 
DR's  and  mods  that  have  been  incorporated  into  the  simulator  system. 
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3.4.2.11  Simulator  Hardware  Documentation 

This  system  v/ill  provide  a means  of  monitoring  the  status  of  Hardware 
Change  Notices  (HCN's)  and  changes  to  the  wire  list. 

3.4.2.11.1  Master  Domain 

3.4.2.11.1.1  Master  Files 

The  two  master  files  associated  with  simulator  hardware  documentation 
are  the  HCN  Master  and  the  Wire  List  Master.  The  HCN  Master  will  contain  all  the 
HCN's  that  are  in  the  process  of  being  implemented  with  the  current  status. 

The  Wire  List  Master  will  contain  the  current  wire  lists. 

3.4.2.11.1.2  Processors 

t f 

The  HCN  Processor  maintains  the  HCN  Master  file  by  adding  HCN's, 
changing  HCN's  or  changing  the  status  of  HCN's.  HCN's  may  be  added  or  changed 
via  CRT  or  cards.  The  status  change  may  be  entered  via  CRT  or  cards  of  if  the 
HCN  is  associated  with  a software  mod  or  DR,  the  status  change  can  be  from  the 
DR,  Mod,  and  SCR  Status  file.  When  an  HCN  status  is  changed  to  acceptance, 
the  wire  list  changes  associated  with  it  are  written  to  a secondary  file  to  be 
input  to  the  Patching  and  Schematics  Processor.  The  Patching  and  Schematics 
Processor  utilizes  this  file  to  update  the  Wire  List  Master  file. 

3.4.2.11.2  Control  Domain  ; j j 

3.4.2.11.2.1  Secondary  Files  - 1 •• 

A secondary  file  of  wire  lists  changes  is  generated  by  the  HCN 
Processor  and  used  by  the  Patching  and  Schematics  Processor  to  update  the  Wire 
List  Master  file.  . : . , 

i > 1 

3.4.2.11.2.2  Control  Software  ! . 


None 

3.4.2.11.3  Report  Domain 
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3.4.2.11.3.1  Status  Files 

The  information  contained  in  the  DR,  Mod  and  SCR  Status  File 
(See  Section  3.4.2. 1.1.1)  is  used  to  update  the  HCN  status  ; 

in  the  HCN  Master  file  for  those  HCN's  associated  with  software  mods  and  DR's. 

3.4.2.11.3.2  Report  Software 

The  HCN  Report  Generator  utilizes  information  from  the  HCN  Master 
file  to  generate  HCN  listings  and  an  HCN  status  report.  The  Wire  List  Report 
Generator  utilizes  the  Wire  List  Master  file  to  generate  the  wire  list  report. 
Both  of  these  report  generators  may  utilize  the  entire  file  associated  with  it 
or  any  specified  portion  of  the  file.  Additional  information  for  the  Wire  List 
Report  is  obtained  from  the  CDF  and  the  Alpha  file. 
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3.5  COMPUTER  COMPLEX  CONCEPTUAL  DESIGN  . i.. 

......  j 

3.5.1  Task  Definition  J- 

i " The  first  step  in  the  process  of  determining  efficient  candidate 
computer  complex  configurations  is  the  definition  of  the  tasks  that  must  be 
-performed.  The  host  computer  system  must  support  a simulation  task  which  is 
comprised  of  two  simulation  packages  that  must  function  simultaneously  and 
independent  of  each  other.  The  other  task  that  the  system  must  support  is  a 

time  sharing  task  which  is  comprised  of  batch  processing  and  interactive 

programming.  ; ' : i j j ; ! i ; ■ ' 


- - The  Shuttle  Mission  Simulator  (SMS)  will  be  divided  into  two 

'training  stations.  One  of  the  training  stations  will  be  on  a six  degree  of 
freedom  motion  base  (MCBS),  while  the  other  training  station  will  be  on  a 
fixed  base  (FBCS).  The  host’ computer  system  must  provide  the  capability  for 
simultaneous,  independent  training  activities  in  both  training  stations. 
Figure  3. 5. 1.1-1  defines  the  configuration  of  SMS  in  a functional  manner. 

- The  following  paragraphs  define  in  more  detail  the  hardware  and  software 
: requirements  of  the  simulation  task. 


- —Table  3. 5. 1.1. 1-1  identifies  in  detail  the  computer  loading  that 

* • 1 ' i 

is  required  for  the  MBCS  and  FBCS.  In' order  to  maintain  uniformity  for  all 

candidate  computers , an  instruction  is  equivalent  in  size  to  one  computer 

. ■ I ! ’ I ! : : : ■ i i 1 • 

word.  r - 1 ,* — r ■-  - ---  --  r- - - r 

i , l | , 

* ‘ I J*  * ' ’ • . } ' 

A summary  of  the  computational  requirements  for  the  SMS  is  given 
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TRAINING' 

• 1 *•  - ; 

' EXECUTABLE  I 

DATA 

MIP 

STATION 

INSTRUCTIONS 

BASE 

— 

MBCS 

1 36  K 

101 K 

2.9 

• i 

FBCS  • 

1 57K 

11 4K 

3.9 

•; 

TOTAL:  293K  1 

21 5K 

6.8 

3.5.1 .1.2  Input/Output  Requirements 


The  input/output  requirements  for  the  SMS  can  he  categorized  into 


1 three  major  areas  for  each  training  situation: 
. _ J : . 0 DATA  CONVERSION  EQUIPMENT  (DCE) 


-•  -j > - - 1- - • r TRAINING 

* 

* i 

SERVICE 

; I , . ! STATION 

DEVICE 

CHANNELS 

RATE 

- -~jr  ■'  - • : MBCS - - 

'-■Digital  Input 

2268 

20/sec 

j . _ : : L.. 

! : ! ! ■ : i i ! ; 

"Digital  Output 

2261 

j . .,  ...  . 

20/sec 

; ...  ...  4 ... __ L. * ...  . ! - - — — j.  A. 

Digital/Analog 

r 

791  ; 

20/sec 

j j I 

; 1 * | ! ! ! !•  i ! ' 

Analog/Digital 

.-  i , 182 

* 

20/sec 

J_  J.  J ! ; J TOTAL 

i 

• < ' 

; 5502*  

' 

! ; “ 1 : . • , ' 

-r  — • ;-—i — FBCS 

| 1 > 1 

. • i 

Digi tal  Input 

2851 

20/sec 

__  : i 1 . J.  . ( ; _ . 

: i ; ; ; : I 1 • ' . 

! Digital  Output 

4295 

20/sec 

1 Digital/Analog 

: 493  _ 

20/ sec 

.j  ; : | ' ■ ; : 

• ’ 7 : ’ i " • ‘ j ■ 1 j i 

- Analog/Digi  tal 

00 

20/sec 

' ’ ' : ! ! i s ■ . ; TOTAL 

• ' ' » i 

i 7687* 

r f'i 

: 

j ; | : \ i 

r ! ! j Data 

rate  for  host  computer  to/ from  DCE  Mini: 

, 

' ^ , MBCS  110,040  words/sec 

FBCS  153,740  words/sec 

* One. computer  word/DCE  device  channel 
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& IQS  CRT  SYSTEMS  ; ; 

• Data  rate  for  host  computer  to  Mini: 
MBCS  35,000  words/sec 


> FBCS  45,000  wrods/sec 

j i 

■ -L  f»  FLIGHT  COMPUTER  SIMULATION 

i - — - — — 

i 

' » 

i • Both  the  MBCS  and  FBCS  must  support  the  following  worst  case 

! ! . i 

! flight  computer  interfaces:  ( : 1 

1 

| ! . i ■ ! • i i : : ; ; 

• ' MAIN 

; ENGINE 

AVIONICS 

i ; | | ! : Transfer  rate  :..  i 1.. 

: ; i 1 MW/sec 

1 MW/ sec 

! ! ! : • • ! ; • ! ! 
......  word  size  - - - -- 

1 1 ! > i • . • ; | i 

' — ; , 1 6 bits 

32  bits 

— T‘  ; . --j-— r- • Data  rate:  f ; | ; 

i _ ■ • 

V * pV  • ~ ’i 

“ ; 

|||!  : Input  • : J j !_.  _ 

_ ' ! 25/sec 

' 25/sec 

~j~  - ~j ‘ Output  ! - ••  r — ] — 

i 25/sec 

25/sec 

i ; l 1 i ! * • ! _ i I : ' . 

-r— {-  r Data'  block ""  : T •'  ~ 200  words  400  words 

j ( | t __  . *.  ; . . . _ . 

I : | !_  | Number  of  computers  _ . _ ' j__3  . [_J i.  ..4  . 

l ...  ..L ■ Transfer  rate  (Host  Computer)  30,000  wd/sec  80,000  wd/sec 

1 $ • • : . i ' ‘ 

T * ■:  *"•  * ‘ - * ' " j r “T“*  1 i f i j i : 

i 3.5.1 .2  Time- Sharing  Task  j...  • J ■ ..._l i j t...  . ' 

J ' -!-  The  host  computer  system  must  provide  the  capability  to  support 

; ; * j 

"T". local /remote  batch  processing  and  interactive  programming  in  a multiprogramming 
| or  multiprocessing  mode.  Figure  3. 5. 1.2-1  defines  the  functional  time-  ..  . 
~t  -sharing  and  on-line  peripheral  requirements  that  the  host  computer  system 
must  support.  ; j ; ; j | ; j ! . • | ; j i 

; 3. 5. 1.2.1  Facil i ties  ■ _ „J..  •.  i..  . 

• . 1 • ; ! ■ i i ; * i ■ 

--1— • Q Batch  Stations  ■ _ 
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- Simulator  Contractor  (Off-Site) 

Line  Printer 

Card  Reader/Punch  ' 

' _ Operator  Console  : 

i 

- Building  4 (On-Site)  ' • 

Line  Printer 
Card  Reader  ; 

' i * 1 

— Operator  Console 
! : . 

’ Building  5 (On-Site) 


l V 


-i-  - 


—.i...  1 j. 


Line  Printer 
Card  Reader  h 

• j 

Operator  Console  ~ 

.1  6 Interactive  Terminals  I ; ; 

: ~r  ; i A total  of  15  terminals  will  be  required..  Five  terminals  will 
be  located  at  each  of  the  buildings  previously  specified.  The  terminals  will 

hot  necessarily  be  located  in  the  immediatel area  of  the  Batch  Station 

' ! ..  ! . - : : ! : . ' ; ; , : . ■ , . 

3.5.1 .2.2  Capabilities  ; "Y~  > ; f"y  j—  • - 

,i_J 1 j _®'_  Throughput 


1 


I 

T }'' 
i 

l i 

i i 


--Local/remote  batch:  600  jobs/24  hours 
| : -■  Interactive  terminals:  60%  utilization 

L • Job  Types  (typical)  ’ : i ! 

-L- Compiles  (FORTRAN  - 75%,  COBOL  - 15%)* 

j . . ili 


-1  - 


» 

i : - Assemblies  (10%)*  '■  ~j‘*' 

1 1 f'  

; : 

. . . ' a 1 ■ — t - • • 

' Compile,  Load,  Go  ; ! > 

1 . • 1 

9 

- File  Management  

, ' ■ f rf  1 

, J : 1 

\ -■  - .. 

1 *500  to  1,000  statements  .per  compilation  or  assembly. 

- 

: ,--f  -i-f  ;■  : -f  f-4-H 

: , j ; l 

! I • 

1 

; 1 : i ■•  ! 1 ! 1 I J ! i 1 : ■!  ! : i j ; • 
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Data  Reduction  : ; •_  : . . . 

Data  Management  System 

Load  Module  (one  or  more  programs)  Creation  and  Checkout 


• ® Language  Processors  (minimum) 


j”  i - Conversational  FORTRAN  i j 

Conversational  COBOL  I 

• ’ { * ‘ *•  ' . ‘ , , ' * J ’ 

} • » • . ... 

--f  --  - Conversational  Assembler  •; 

. j - Data  Management  System  (CODASYL  Standard) 

; ; - Conversational  Debug  Package 

: i : - . . i ; 

- User  Generated  • ~ ->•-  -■  • 

!_  . 

; o Job  Initiation  i . : 


- Local/remote  batch  station 

- Interactive' Terminal 
M1P  Reguirements  - 1.0 
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3.5.2  Computer  Complex  Requirements  . . 

The  requirements  specified  in  the  following  paragraohs  will  provide 
a computer  complex  configuration  which  may  be  used  in  an  efficient  and 
flexible  manner. 


3.5. 2.1  Host  Computer  System 
I ; e MIP  Rate- 


Subtotal 


! I ' I j Total  ^12.0 

■ ■ ■ " ; 

. @ Word  Size  - 32  Bit  (minimum)  

I ; ) 

Floating  Point  Sign 

» ! . ... 

! ■ Single  Precision  1 Bit 

Double  Precision  1 Bit 

I j • ; • : I 

!"-!  Fixed  Point  'I  ; 

i j L _ i.. 

j | ; Single  Precision  Sign  Bit  + 31 

* | ; . • 

j i L .Double  Precision  Sign  : Bit.  + 59 

r®  Registers  - 16  (general)  ' 

! t Addressable  Core  Storage  (minimum) 

| ...I ; ] L ; u_".  I •_  . Instructions 


. 6.8 

(Simulation) 

! 1.0 

(Time-Sharing) 

i -5 

(Operating  System) 

i „8. 3 

(Allocated) 

- 3.4 

_ : (Spare) 

~ 12.0 

(Capacity) 

t • 1 « 



Sign 

" Exponent 

Frac 

1 Bit 

7 Bits 

24 

1 Bit 

. .. ! . ; 7 Bits 

48 

Sign  Bit  + 31  Bits 
Sign  Bit.  + 59  Bits 


Data  Base 


—■  .MBCS 

• 136K 

; | 1 01 K 

FBCS  M ■ ! 

1 57K 

' 1 1 1 4 K 

_ TOTAL  . . .. 

. 293K 

. . t ...  21 5K 

1 ! 

i 

' i ! 

....  , 

: V;  . J . . . ...  ' . 

■ : : i ' ; : ; 

- - - • *“*•*-■  . L~  " 3 

i ■ *» 

! i 1 

’ 5 0 ; ■ i 

r ■ ■'<  j . * “i  ^ 

....  . ! 1.  i . 

: » ’ I •’  . 

- i • 

"*!  t~"’ 

i 

i > 

: ’ * ! 
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• 7 Load/Store 

. Binary 

{ j 

;•  Decimal  : 

* t : i 

; i * *1 

~ ’7" Floating  Point 

j ! ; , t ^ ‘ 

j l_  : Fixed  Point  

: ! j ' ii! 

■i  ~r — : Logical  p--  — - 

J .! i ' I ....  L.  ! . 

i | Test/Branch  ! 

■ j _ : Search/Compare  . 

j * i * t • . • ; 

Shift-  ■■i-l--—.- 

! j : j . j . ! ! ! ■ 

1 Index 

. . • • 

' J _ i Byte/String  Manipulation 

; i ! » i ; «.  * i 

•{  • - j—  •-  Supervi  sory - V 

. i ‘ 

| § Input/Qutput  Channels 

| ! j ' - : | i Number 

i--t  ! MBCS ' ■]-■!-■  8 - 

j j ; ; | J i J J | • . 

I v ; ■ ' r i rj  1 

L.  J...J  FBCS'  . 1 ; .1  • .8 


Data  Rate 
:200K  Words/Sec 
; 1 00 K Words/Sec 
' 200K  Words/Sec 
• -TOOK  Words/Sec 


3. 5. 2. 2 Time-Sharing  Requirements  i_ ; ; c ! 

: ■ • i ‘ ■ T ! ; 1 ! ; 

3. 5. 2. 2.1  Batch  Stations  ■ -e-  ->•  - • — - 

* , . ’ ‘ 5 I 

• Simulator  Contractor  (Off-Site)  ‘ 

- 2 Line  Printer:  600  LPM  (mi ni mum)/ printer 

— ■ *■ — - • - 1 .Card  Reader/Punch:  1200/250  CPM  ' 

i ! j 1 Operator  Console  (CRT/Keyboard)  «, 

. ..L  . L ..}  - - ; ■ • ■ 

: . t I j » ! ! ; ; * » s ; j 

i I i , . i 1 ! } i i i 
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; e Building  4 (On-Site). 

- 1 Line  Printer:  600  LPM  „ 

; |-1  Card  Reader:  250  CPM  : 

L . 1 - 1 Operator  Console  (CRT/ Keyboard) 

r © Building  5 (On-Site) 

; i - 1 Line  Printer:  600  LPM 

. |.  1 Card  Reader:  250  CPM  ...A 

I , « ' . • 

1 Operator  Console  (CRT/Keyboard) 
0 Baud  Rates  : i : 


i . ; 

. 4 L 


9.6K  Baud  (minimum) 

, - 19.6K  Baud(Satisfactory) 


"1  "o 


! i 

| ; - 40. 8K  Baud  (Simulator  Contractor  Only) 

3. 5. 2. 2. 2 Interactive  Terminals  

" "r©  At  each  Site: 

' 3 Alphanumeric 

i ; . x i 

2 Alphanumeric/graphic  (4  color)  — j 

• f ’ 

1000  displayable  characters/terminal  “1 

i r ^ .... L . ....  ...  1 

Response  rate  - 1-3  secs  j ; ; . i 

1 keyboard/terminal r~-- — i — c..  j... . — j- 

. , . ; I ; • 

© Light  pen  - optional 
•.  1 Hardcopy  unit/terminal 
... L.-: ! La'.  Baud  rate  - 2400  (minimum) 

) i ; j 

3 ‘.5. 2. 3 On-Line  Peripheral  Requirements 

The  on-line  peripheral  identified  in  the  following  paragraphs 
be  accessible  by  each  CPU  in  the  host  computer  system. 

v/  \ r 


\ I 


I I • 


j_ 


must 


I 

— f- 


{ t> 
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3 . 5 . 2 . 3 . 1 Rotating  Mass  Storage  - ' 

• ’ I 

@ Disc 


' Capacity:  1.7  billion  characters 
- Access  Time:  30  M.S.  (ave.) 

• i i . • 

© Drum  - 

Capacity:  22  million  characters 
!-  Access  Time:  5 M.S.  (ave.) 


3. 5. 2. 3. 2 Me 


I--;-]-"”  e :6  - 800/1600  BPI  9 track 

j ■ 'o  2 - 200/556/800  BPI  7 track 

: 3. 5. 2. 3. 3 Line  Printer  . - . . : . ~ - - 

r~r~  : * ’ © 2 - 1200  LPM  (minimum)  . 

; @ 2 - 600  LPM  (minimum) 

: 3. 5. 2. 3.4  Card  Reader/Punch  - 


© 2 - 1000  Read/250  Punch 


3. 5. 2. 3. 5 


)ut  Channels 


PAGE  NO. 


REP.  NO. 


3-539 


© Channels  should  be  provided  which  will  accommodate  all 


peripheral  equipment  with  minimum  practical  channel  contention  by  the  CPU(s) 
for  all  the  peripheral.  . ' i } ; i ; 


3. 5. 2. 3. 6 


Mi  nimum 


Maximum 


©.25%  spare  should  be  available  for  all  other  computer  complex 


resources . 


1 i 
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3. 5. 2.4  Operating  System  (0$)  • ' !_ 

3. 5. 2. 4.1  Overhead  - -l-  ■ - ; - < - ■ 

. ' 'J  ' Based  upon  the  requirements  that  have  been  identified  in  the 

previous  sections,  the  maximum  {worst  case)  overhead  for  the  OS  should  be 

. ! ! 
as  follows:  Core  - 75 K words  ■*  — r-  - - 

j i , 

, ■ , ; . i 

j j =■’  Time  -0.5  MIP  ~T'  "j 

3.5. 2. 4. 2 General  Capabilities  ; : ! 

.1  - :In  general,  the  Operating  System  (OS)  of  the  Host  Computer  must 

I ■ ■ 

provide  a hospitable  environment  for  the  proposed  real-time  simulation 
software  and  must  contain  certain  intrinsic  capabilities  as  follows: 

e Capability  for  executing  a mix  of  programs  including  batch, 

interactive,  and  real-time  programs  in  multiprogramming  or  multiprocessing 
mode.  1 I.  ! . ! i ! i | i ; I 

--©-Provide  a user-accessible  internal  clock  for  synchronizing  and 

1 : , 4 
'’timing  events.  i !"‘j  ; ' ~j’““ : ! “~  j j-  j . y j"'  •'  : ; • 

o Provide  a capability  for  exploiting  the  inherent  parallelism  of 

real-world  events  reflected  in  simulation  processes  by  permitting  the 

initiation  and  termination  (synchronization)  of  independent,  asynchronous 

program  execution  sequences.  • j J.  L J _ J L ...!.  .1 

’ r • ' ” ' 

. . -©-  Provide  the  ability  to  create  and  execute  re-entrant  code 

sequence.  ‘j“  • .-■■i—  •, f --t--.- 

• Provide  a comprehensive  interrupt  structure  with  optional  user 

handling  of  interrupts.  - : - t — r - | — j ‘ ; - — • ; 

“a  Accommodate  non-polled  communications  (digital)  input,  both 
synchronous  and  asynchronous,  at  varying  speeds  andsemployi ng  a variety  of 


code  formats  and  line  disciplines.  »■ 
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It  is  recognized  that  these  capabilities  (as  well  as  features 
described  below)  are  made  available  by  hardware  of  software  (or  both), 
depending  on  the  architecture  of  the  machine.  Therefore,  a functional 
description  will  be  utilized  unless  a feature  is  clearly  identifiable  as 

• i 

- hardware- or  software.  - - ; • ••  ; - ~ r 

"3. 5. 2. 4. 3 OS/Simulation  Software  Interface 

The  general  relationship  between  the  OS  of  the  host  machine  and  the 
, required  simulation  software  merits  close  examination  as  it  can  have  a 
significant  impact  on  the  magnitude  of  the  overall  software  programming  task. 
Ideally,  the  host  OS  would  provide  all  needed  functions,  thereby  reducing 
the  programming  task  to  simulation  software  exclusively.  In  a worst  case 
situation,  there  would  be  no  host  OS  at  all  suitable  as  environment  for  the 
simulation  software  (in.  which  case  an  OS  would  have  to  be  developed  in  addition 
to  the  simulation  software).  The  'division  of  labor'  between  the  OS  and  the 
simulation  software  must  be  carefully  identified  in  order  to  correctly  assess 

the  relative  merits  of  candidate  OS's.  " i j 

j i ; ' : i * *1  - 1 ! 

- 3. 5. 2. 4. 4 System  Synchrony  ;~j ;•  j-  •-+ — f !*- 

-  j ~ . In  any  large  time-dependent  system  there  must  exist  a means  of 

achieving  global  synchrony  of  asynchronous  events.  This  clearly  involves 

i 

j *('•}!’  j 

several  aspects:  - — -j — -•  - 

• A user  accessible  real-time  clock  of  suitable  resolution. 

: ^ e Ability  of  user  programs  to  establish  and  receive  time  interrupts, 

!--• 9 Ability  to  initiate  and  synchronize  asynchronous  execution  of 

multiple  program  modules.  ' 

e Ability  to  establish  and  alter  execution  priorities  of  program 

- , i ' 

, modules.  r 1 i*  r ' i : 


i \ 


F -398-8  - 


DATE 

3/23/73 

THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

PAGE 

NO. 

3 

REV. 

t: 

BINGHAMTON.  NEW  YORK 

REP. 

NO. 

g Ability  of  the  OS  to  establish  and  honor  priorities  for 
various  execution  modes  (batch,  interactive,  and  real-time). 

9 Ability  to  handle  non-polled  input  arriving  at  arbitrary 
intervals  without  data  loss.  : ! • 1 ' 1 

j 

3. 5. 2. 4. 5  Global  and  Common  Reference  - >-•(.  i 

The  host  software  must  provide  a capability  for  the  declaration  and 
use  of  external  (or  global)  references  or  names  accessible  to  any  referencing 
program  module.  In  a like  manner,  it  must  provide  the  ability  for  program 
modules  to  share  common  data,  e.g.  'named  common1  feature  of  FORTRAN.  The 
realization  of  these  features  must  be  provided  in  the  Link  Edit  or  Collection 


phase  discussed  below.  ••  - . — — . - ; — 

3. 5. 2. 4. 6 Link  Edit  or  Collection  , ] , j 

I j ■ The  host  software  must  allow  the  linking  or  collection  of  discrete 

software  segments  into  executabl e modules . It  must  allow  collection  of 
object  code  resulting  from  different  processors,  e.g.,  FORTRAN  and  Assembler. 

3. 5. 2. 4. 7 Interrupt  Structure  J.._  ; ' .' 

-1-1 The  host  machine  must  incorporate  multi-level  interrupts  (internal, 

external,  fault,  etc.)  as  required  in  any  multi -programmed  environment. 
Additionally,  the  interrupt  structure  must  include  time-dependent  (clocked) 
interrupts,  which  can  pass  control  from  the  OS  to  user  programs.  In  general, 
the  interrupt  structure  must  allow  optional  user  handling  of  interrupt 
contingencies  and  must  also  afford  the  user  the  option  of  not  relinquishing 
control  on  the  initiation  of  the  I/O  requests,  if  he  so  desires.  
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' 3 . 5 . 2 . 4 . 8 Program  Residency/ Non- Residency 

In  the  event  that  the  host  machine  cannot  accommodate  the  entire 
simulation  software  as  resident  or  simultaneously  present,  provision  must 
be  included  for  execution  of  non-resident  elements  through  an  overlay  or 
paging  mechanism  (or  the  equivalent  thereof).  It  is  extremely  important  that 
this  mechanism  not  compromise  the  basic  time  dependency  and  control  outlined 
elsewhere  on  which  the  entire  simulation  program  is  postulated. 

3. 5. 2. 4. 9 Language  Processors  •••'.-  , 

The  host  OS  must  contain  language  processors  capable  of  processing 
user-supplied  source  language  statements.  In  particular,  a FORTRAN  or  higher 
- level  language  processor  must  be  supplied.  For  those  needed  computational 


< 


functions  not  present  in  FORTRAN,  an  Assembler  must  also  be  provided  and  it 
must  be  possible  to  enter  Assembler  from  FORTRAN  and  vice-versa.  The  FORTRAN 
processor  must  conform  to  current  ANSI  standards  for  the  FORTRAN  language. 

It  must  also  be  possible  to  link  edit  (collect)  elements  of  FORTRAN  and 

Assembler  into  a single  program.  ' i _ ; _ ' ...  / 

3.5.2.5.10  Libraries  -4 : - i -v<  •••• 

. • ! I , 

’ ! " ; The  OS  should  provide  at  a minimum  the  following  libraries: 

e System  Utility  , ; ; • _ i j • 

(ill,  . . ; 

®.  Mathematical  • r — ; - . • 


• Marro 


1 • A statistics  gathering  system  must  be  provided  which  will  have 

the  capability  of  accounting  for  the  utilization  of  all  computer  system 


resources.  ; L_  .. . • v 
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3. 5. 3.1  Control  Data  Computer  System 

The 

CDC  Computer  System  is  comprised  of  one  Cyber  70  Model  76  and 

one  Cyber  70 

Model  73.  The  Model  76  provides  the  capability  to  support  the 

simulation  task,  while  the  Model  73  provides  the  capability  to  support  the 

time  sharing 

task.  The  two  Cybers  are  interfaced  together  for  the  following 

reasons : 

e The  Model  73  will  use  the  standard  6000  SCOPE  3.4  Operating 

System  as  a base  and  perform  the  following  tasks  in  support  of  the  SCOPE  2 

Operating  System  in  the  Model  76.  See  Figure  3.5.3.1.-1. 

, i , 

- Unit  Record  Interface  . ; i . / ... 

: ! | ■ ; 

It  will  be  the  interface  between  local  unit  record  equipment 

such  as  card 

readers,  line  printers,  punches,  etc.,  and  the  Model  76  CPU. 

- Communications  Interface  

. i 

* 

It  will  be  the  interface  between  communication  lines  and  the 

7600  CPU.  The  communications  interface  will  permit  Remote  Batch 

capabilities 

j » i i j 

on  the  7600  System.  ; . 1 : J.  1 

t • > 1 • ' i ! ; 

. . . ..: 

i l ; ; 

- Model  73  Operator  Station  ■ : J " 

* ■ ■ *■  ” 

The  Model  73  can  serve  as  either  a normal  station 

or  the 

operator  station  having  the  ability  to  control  the  execution  of  all  jobs  in 

;v  the  Model  76 

: 1 ‘ ! : : ! i ' “ ! i 

- Permanent  File  Handling  ' ; i ' ; : 

i 

i ; i j ' j 

The  Model  76  will  be  provided  ATTACH  and  CATALOG 

features  of 

Model  73  permanent  files.  ] ! r !- 

3. 5. 3. 1.1  Host  Comouter  1 i ! ■ : ! ' ! j 

« 

e 

Model  76  : . . i-  ' L*i  l-J— ! -J  ’• 

, . ^ ... 

: i • 

^ | ' ; 1 i‘  ' 

1 

; : ! i i ;*  ' j : i • ; .•  ! ! 

1 1 , ; | * • r j . ; j : 

i 

: t-  ' 

- ; - ■ ; - I 

» 

1 : : t ! ; | ! J 1 : 

. ; . . : . ' - t ..  • : I ‘ . j.  . ! - \ - - f ..  • : *4  . ! . 

i ' r 
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- 15.0  MI P rate 

- 60- bit  internal  word 

- Binary  computation  in  fixed  point  and  floating  point  format. 

- Nine  independent  functional  units. 

- 12-word  instruction  stack. 

- Synchronous  internal  logic  with  27.5  nanosecond  clock  period. 

- Operating  registers 

Eight  60-bit  operand  registers  (X  registers) 

Eight  18-bit  address  registers  (A  registers) 

Eight  18-bit  index  registers  (B  registers) 


i ■ r 


Precision  

A7 

Fixed  point  range  ±2  - 1 

Floating  point  range  (magnitude)  10 
Double  precision  capability 
Instruction  set  class 

Arithmetic:  Load/store- 

Binary 

. Floating  point 
! Fixed  point 

Logi cal 
Test/Branch 
Search/Compare 


322 


to  10 


-293 


Shift 

Index 

Population  count 
Supervisory 
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o Small  Core  Memory 

- 32,768  or  65,536  60-bit  words  of  'coincident  current  memory 
with  five  parity  bits  per  60-bit  word. 

- Organized  into  16  or  32  independent  banks  (2,048  words  per 

bank) . 

- 275  nanosecond  read/wri te/cvcle  time. 

- 27.5  nanosecond  per  word  maximum  transfer  rate. 
o Large  Core  Memory 

- 256,000  or  512,000  60- bit  words  of  linear  select  memory 
with  four  parity  bits  per  60-bit  word. 

- Organized  into  four  or  eight,  independent  banks  (64,000 
words  per  bank). 

- 1 ,760  nanosecond  read/wri te/c.ycle  time. 

- Eight  words  read  simultaneously  each  reference. 

- 27.5  nanosecond  per  word  maximum  transfer  rate  (512,000 

memory  only).  . 

i I 1 

© I/O  Multiplexer  , 

' 1 - Seven,  eleven,  or  fifteen  indenendent  12-bit  channels. 

- Each  channel  bi-directional. 

- Fixed  SCM  buffer  areas  for  each  channel;  128  or  256  60-bit 


words . 


Normal  channels  and  high  speed  channels. 

Normal  Channel  High  Speed  Channel 


)-bit  v<or 


Input:  60  clock  periods/60-bi t word  34  clock  periods/60- 

j 

Output:  72  clock  periods/60-bi t word  35  clock  periods/60-bi t vi-or 
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g Peripheral  Processor  Unit  Characteristics 

- Computation  Section  ! 

12-bit  internal  word 
Binary  computation  in  fixed-point 

Synchronous  internal  logic  with  27.5  nanosecond  clock  period 

- Operating  Registers 
18- bit  Arithmetic  Register  (A) 

12- bit  Program  Address^ Register  (P) 

13- bit  Memory  Read  Register  (X) 

! 12-bit  Instruction  Register  (fd) 

12-bit  Working  Register  (Q) 

i 

' - Core  Memory  • * " 

4,096  12-hit  words  of  coincident  current  memory  with  a 

parity  bit  for  each  12-bit  word  (odd  parity):  . . • . , 

Organized  into  two  independent  banks  (2,048  words  per  bank). 

* • J • 

1 275  nanosecond  read/write/cycle  time 

: I ![!•!» 

- Input/Output  Section  j ■; 

I ' I 1 | 

Up  to  15  independent  channels  (asynchronous)  j 
Each  channel  bi-directional  (12-bit)  ‘ j ; 


i > 


e Maintenance  Control  Unit  ; 

, 

: i 

' ' i ' i - Used  to  dead  start  system 

. 



i 

- - :• 

. i i i - Performs  basic  recovery  ; 

i i 

: 

1 1 

j J | 

• ... 

* * 

■ 

; ; ...  . ; - Directs  and  monitors  system  maintenance 

. , 

! ; ' 

' - Own' card  reader  i • f 

* i 

‘ : 

‘ 

: ; - Own  visual  display 

1 i 

i ; ' ; ' : . . ; . ;-;t 

; \ 

*'  ' *T  7 

: • ■ i 

■ 

•■■■  ' -I-;-  : : f 

- 

i ! 

i • . : . . • • 

. . . . i 

y - ; — C 

$ 

1 

; ■; 1 ? i; ; : t 

; ' i 

: iii 

p 

• 

r 
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3. 5. 3. 1.2  Time  Sharing  J , , . ...  .1  . 

The  time  sharing  system  operated  in  the  Cyber  70  Model  73  computer. 
; . © Central  Processor 

, - 60-bit  word  length.  . ' 

• - Computation  in  Floating  Point  and  Fixed  Point,  Single  and 

Double  Precision. 

- Memory  transfer  rate  of  up  to  one  word  each  100  nsec. 

■;  ■ ; - 60-bit  instruction  Buffer  register. 

; : Memory  protect  . . j 

• • 1 ' ...  * : * ‘ t 

- 8 18-bit  address  registers  . * ; 

•t  - 8 18-bit  increment  registers  " ; 

8 60-bit  operand  registers  i 

' © Peripheral  and  Control  Processor  . . •; ' : : . , 

| ; . : - 12-bit  word  length  . r-v  - !- • : • . ' ; : 

• " ” i - Computation  in  Fixed  Point  arithmetic.  , ; ’ | 

" ' ’ ‘1 • ‘ ' j ’ ' 

1 ; j..-  Time-shared  access. .to  Central  Memory.  ; , . ; 

: : ‘ _ i : 

i r - ; - Internal  memory  of  4,096  12-bit  words.  t-  • ; ' j '' 

i e Central  Memory  j j i i j , > 

. * ! j - Capacities  of  16,384,  or  32,768,  or  49,152,  or  65, 536. or 

- 98,304,  or  131,072  60-bit  words.  ; r ' ‘ ' ;V"~'  i : ; - ' 

! Independent  bank  construction,  to  allow  separate  overlapped 

' ■ ' ' ' ’ ; i ; r , : 

. access  to  each  4K  bank. :...  .1.*. . p_  J ' . • ^ . !..  -i—  : - 

! j 

■ ; : ■*  - Transfer  rate  of  up  to  one  word  each  100  nsec  in  phased 

operati on.  • * ! ; 1 -\  j.  . _ i ; 

o 711-1  CRT  Display  Terminal  i ...  i.  ...  .. 

I ' ; ; . . v ‘ | \ ; , 

| ' ■ ,,  ^ t \ ( ! ; 
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- 16  lines  of  80  characters 

- 10  X 8 inch  viewing  area  ■ y.  ; ' ; „ 

- Standard  typewriter  keyboard  • ■ - 

- 64  alphanumeric  and  symbols  plus  control  codes.  . 

- RS232-C  interface  designed  for  synchronous  data  transmission 

to  4800  BPS,  half  duplex.  ; ’ ; p '• 

- Cursor  control : ; ! , ; ' ' 

Up  • . i . ■ . 

■ ' i : ' ' : ' t ' • • i i ; , 

; . . . Down  y • ; -i  •«  : “*  ; !' 

■ ! . ■ I ' i ' ; Left  ; ' ’ "■  ' ’ i 7-^-  : ........  : • 

: '•  Right  . • ! ; - : ' ! 

i ! ! ' ' • i ■ 1 . ; 

; .y  . ] Home  . ; • , ■ r~  • . | 

Inverse  Video 

' : " ’ - 5 X 9 dot  matrix  using  525  line  TV  raster 

• ■ - 4 - -•  * * ' ..  . . • . , | | ■ , 

. - 60  HZ  refresh  rate  7 - . ~ j-  r ■ I ' 

! ' 

' - Character  size:  .25  X .125  inch  ■ , ; 

© 732-10  Medium  Speed  Batch  Terminal  _ ""  : ...j 

- 8K  8-bit  bytes  of  16-bit  1.1  /)S  memory  . y-  r r 

" : i . . ' • . . ; i j , i 

• ' : -4.  4 * , r • j—  I • j ' ' ; 

• * „ 500  CPM.  reader  ; i i ; < I i 1 i ; 

...;  : ' ; T ! "I i 7 

; - 600  LPM,  136  column  printer j ; : „ .1.  Jr.  : i.  i ! . 

" ■ ■ ; • : ! | 1 . - : 
, l ...  . . . Operator  keyboard  ••  ••  : ; : r'*j*  " ' 77 

■ —'r  - ' Designed  to  RS232C  or  CCITT  V24  specifications  « 

Speed  ranae  from  2000  to  9600  BPS  ^ . ‘j. j_.  1 . i . 

e 791-1  Communication  Subsystem  - - . -j- 

7 - Provides  interface  to  7077-1  or  7611-10  service  station 

1 ■ . „ ■ - s • : • 

7 ; _ Fan  out  logic  for  up  to  48  communication  adapters  ■ 
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- Communication  interface  for  up  to  16  792  adapters 

4096  16-bit  core  memory  with  200 /jS  cycle  time 

a 792-1  Communications  Adapter  T 

- Performs  input  synchronization 

- Full  duplex  character  assembly/disassembly 

- EIA  RS232-C  interface  " T" 

. - Compatible  with  bell  201  and  203  data  sets 

- May  provide  CCITT  compatibility  : !.  : . . i. 

- > - Will  operate  at  2400,  4800  or  9600  BPS  

r .. . . i - , . j i . 1 .I.  - 

1 © 7077-1  Communications  Station  I i ■ 

• l • ► ! 

- Controls  up  to  three  791-1  controllers  ; ... , 

t ■ : - Provides  8K  words  memory  with  1.1  jjs  cycle  time  i ; 

. | , : v i ) 

- Reauires  one  dedicated  PPU  ’ ; j : | ; 

3 On-Line  Peripheral  . • . . .i.  L \ '.  i ! ; 

• _ ! ■ ! i ; ; : ' ■ 

© 3528-3  Maqnetic  Tape  Controller  '■  i'"  p , - j-- • 

I : , ! I i I 1 

i ; - Two  channel  connection  ' ; | ■.  ! j • : ! 

- Controls  up  to  8 Model  657  or  659  (intermixed)  tape  units 

; : - Provides  code  conversion  : ‘ : : ' ' r r*  1 

! • ..  _ L.i  J ! 

, - 200,  556,  and  800  BPI  NRZI  recording  ' j i | 

........  - .1600  BPI  phase  encoded  . ......  ......  I j ! , 

: : ' ' • : ! . i ' I i i ! i 

to  7611-11  Service  Station  ; " : r ••  r r — ; 

; i ! ; ; ! , ■ 

; | - 32K  bytes  (6-bit  byte)  central  memory  , j j | j 

_ j - 80K  bytes  secondary  memory  | !.  

' ■ ‘ 1 i 

I | 

y 142M  bytes  rotating  mass  storage  ; ■ j ! " 

I - Dead  start  magnetic  tape  unit  s , • ; ; , 

r~r  ' " '~t.  : j—  : 

; . , - Operating  console  ..  , , . : ....  . : 

° i 

' r - 8 1/0  channels  for  MPX  and  unit  record  equioment 


i ! -I' 
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405  Card  Reader 

- 1200  CPM  (80  column  cards) 

- 4000  card  hopper  capacity 

- 4000  card  stacker 

- 240  card  secondary  stacker 

41 5 Card  Punch  ; — - ■ 

; ■ j 

- Punch  250  CPM  ! 

• ; I 

- Programmable  offset  stacker, 

j i 

- 1208  card  hopper  ■ r 

I ’ j 

- 1 500  card  s tacker  1 4.  i 

- Read  check  after  punch  , 

} 

512-1  Line  Printer  - j — : / »- 

- Prints  1200  LMP  (48  character' set) 

- Skips  70  inches/sec  at  6 lines/inch 

- Skips  60  inches/sec  at  8 lines/inch 

- Prints  136  columns 
657-4  Magnetic  Tape  Transport 

- 7 track  ~ ' *i 

• « ; i i i 

- 30 K and  120K  6-bit  C/S  , ’T 

- 200,  556,  800  BPI  HRZI  recording 

- Read/v/rite  150  IPS 

i I j 

- Forward/Reverse  read  , , l 

659-4  Magnetic  Tape  Transport 

- 9 track 

- 90  and  180K  8-bit  C/S 

- 800  BPI  NRZI  recording 
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- 1600  BPI  phase  encoded  recording 

- Read/write  150  IPS  • - i - j 

- Forward/reverse  read  ’ - 

0 

844-2  Disk  Storage  Unit 

- Maximum  capacity  869  million  bits  (unsectored  format, 

404  tracks) 

- 10-55  ms  positioning  time  (30  ms  average) 

- 618  million  bits/sec  transfer  rate 

3. 5. 3. 1.4  Operatinq  System  (OS)  ; , 

3. 5. 3.1. 4.1 

Overhead  • \ . 

, 

• * i : 

i i . 

© Cyber  73  (Scope  3.4)  ; ;• 

; . • 

, . . 1 

t.  . . • 

! 
i 

Core:  16K  ' : ' 

i « ■ ■ : » 1 i | ; 

- MIP:  -0115  j 

c'  . ! . . 

; i 

r ■-  y f 

\ ' : * 1 -*  1 

® Cyber  76  (Scope  2)  „•*  + — f-  ; *-—<■■■ 

: ' . * • 1 : i • 

i 

: i i i 

- Core:  65K  : ' ' ! i ! 1 ; 1 ; 

: ■ ! : 

- MIP:  .5  ■ i / j ; _ !_  : 

„ . . 'r,  . . 

3.5.3J.4.2 

1 : i ,l  . i j 

General  Capabilities  - • : •;  ■ ■ j - 

■ i ; 

l 

: ' i : 

© Provides  the  execution  of  a mixture  of  batch,  interactive 

and  real-time  programs  in  a multiprogramming  and  multiprocessing 

mode. 

•<  : 

© User  is  provided  access  to  the  system  clock. 

; ; • : 

- 1 ’ ‘ * 1 

© The  central  processor  initiates  the  1/0  reouest. 

The  PPU 

performs  the  requested  I/O  function  whi;le  the  central  processor  continues 

other  work. 

At  the  end  of  the  1/0  function,  the  PPU  will  signal 

the  central  ! 

i 

processor.  The  central  processor  can  then  determine  whether  or  not  to 

: 1 t ■ 

* initialize  any  new  procedures.  . . ■ . , tl  i_ . 

1 . • : v.  i i-  ; 

. . : ... i.  ! . ,.i : . 

; i ; 

i * 1 : 

* i 

: L * . i . » . 

; ; . ; - . * ; ; ; ■ ! j j 

"i  ' ' . ' 1 t ! i : 

- r { • * • ‘ j 1 r 

: i 

j • ' ■ 

; ; . j ' : : ; : ; •[  s»  ‘ ...  i 

F-398-8 - 


DATE 

3/23/73 

THE  SINGER  COMPANY 
■ SIMULATION  PRODUCTS  DIVISION 

PAGE 

NO. 

3-555 

REV. 

• ’ • BINGHAMTON.  NEW  YORK 

REP. 

NO. 

: a The  interrupt  sequences  are  normally  re-entrant 

e The  interrupt  structure  is  established  by  the  hierarchy  of 

I/O  channels  and  system  functions.  •:  

9 Intelligent  processors  on  remote  interfaces  can  respond  to 

various  types  of  communications.  .... 

3. 5. 3. 1.4. 3 0/S  Simulation  Software  Interface  y 

“ ’ There  are  structurally  four  parts  to  the  central  system,  as 

shown  in  Figure  3. 5. 3. 1.4-1.  These  are:  the  job  supervisor,  the  interrupt 

handlers,  the  system  executive,  and  the  system  interchange. 

; " o System  Interchange  , | ! | 

The  system  interchange  coordinates  system  operations  by 
• - transferring  control  to  the  other  parts  of  the  system  and  assigning  the  CPU. 
o Interrupt  Handlers  ; i i ; 

The  interrupt  handlers  service  hardware/software  interrupt 
functions.  These  functions  include:  the  transfer  I/O  data  between  LCM 
buffers  and  the  CPU  channels  via  the  hardware  SCM  buffers,  the  processing 
of  clock  interrupts,  and  the  processing  of  software  generated  interrupts. 

i - j e System  Executive  • y 1 ‘ - i " j ; ' " j - + - • : ■ ; * j • ' 

' I "I ; - The  svstem  executive  consists  of  overlays  that  perform  system 

o ' ' j ' v ..... 

functions  of  resource  allocations,  scheduling,  I/O  request  queue  management. 


and  some  job  management. 

T"  ’ • 

; ■ } i ; 

i ; ; 1 

i . j. 

i 

i 

r 5 ‘ “ * 

; i t i 

■ - 

i i ® Job  Supervi sor 

i i 

1 i 

" f ‘ i ' i * • 

■ j _i | 

| j 
: j 

"TT  1 j ' 

1 : 

■ The  job  supervisor  performs  functions  specifically  oriented 


to  a single  user  job  which  include  user  level  (or  logical)  I/O  management, 

. the  reconciliation  of  logical  and  physical  data  structures,  and  file  manage- 


• • ; . . : ' ' ' ‘ \ . V 

ment.  The  job  supervisor  also  performs  tasks  associated  with  the  management 
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of  the  user's  job  and  user  requested  system  services,  such  as  TIME,  DATE,  etc. 

There  are  three  sub-divisions  of  the  system  executive.  The 
three  parts  represent  a priority  sequence  based  on  the  time  sensitivity  of 
the  classes  of  activities  listed.  The  E3  level,  or  real-time  interface  has 
highest  priority.  The  E2  level  contains  I/O  functions.  Because  interrupt 
service  is  involved,  the  E2  level  is  given  nreference  over  the  administrative 
functions  of  the  system  executive  which  are  grouped  at  the  El  level. 

One  job  at  a time  is  connected  to  the  system  interchange  and, 
as  the  job  completes  its  fraction  of  CPI)  time  assigned  to  it,  the  job 
scheduler  attaches  a different  job  supervisor  and  its  related  job  to  the 
system  interchange  for  execution.  . i.-4  • j ■ 

, • i ^ ! • ! 

■ i * . : -r  - 9 Station  Communication  ' *' !'  ' : * 1 • 


4 i - . 

i i 


Stations  submit  job  files  and  data  files  to  the  SCOPE  2 


operating  system  and  receive, user  created  output  data  files.  Files  are 
processed  according  to  type:  permanent  files,  magnetic  tape,  line  printer,  or 

card  punch,  etc.  . ; l : ; I ; 

The  stations  also  provide  the  station  console  operator 

with  communication  features  for  monitoring  the  progress  of  and  controlling 
‘jobs  executing  under  SCOPE.  SCOPE  responds  with  messages  or  displays  presented 
„on  the  CRT  of  a station  console.  Displays,  operator  requests,  and  otner 

t 

operator  messages  are  described  in  the  operator's  reference  manual  for  the 

appropriate  station.  ! j j : ; ; j ; { | i | . ' J , i 

1 ■ : : 0 Job  Processing  ...  . . • L 1.  j i. 

-i  A job  first  enters  the  system  when  a job  input  file  is  : 

created  at  a station.  The  station  formats  the  file  and  transfers  it  to  the 

central  computer  where  the  job  is  queued  for  execution.  The  system  allocates 

■ ' * | ; 

resources  to  the  job  as  needed  for  execution.  ; t ' j ' ■!  ; 
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The  operating  system  interprets  the  control  statements,  calls 
the  loader,  calls  compilers,  and  assembler,  performs  file  manipulations  and 
I/O,  and  provides  permanent  files  as  requested  by  the  user. 

SCOPE  terminates  the  job  by  disposing  of  all  files  used  or 
created  by  the  job,  by  preparing  the  job's  OUTPUT  file  for  transmission  to 
a station,  and  be  de-allocating  all  resources  used  by  the  job. 

■ Any  file  created  by  a job  for  transmission  to  a station, 

is  queued  in  the  central  system  and  sent  upon  request  by  the  station  to  be 

written  on  the  appropriate  peripheral  device. - 

‘ © Multi -Programming  and  Job  Scheduling 
! , SCOPE  2 provides  multi -programming  of  jobs  throughout  the 

system.  Multiple  jobs  reside  in  SCM,  in  LCM,  and  on  system  mass  storage 
concurrently.  The  number  of  jobs  residing  in  either  SCM  or  LCM  is  a function 
of  the  job  mix.  The  maximum  number  of  jobs  to  be  executed  simultaneously 

is  specified  by  installation  parameter  (maximum  4,096).  

Access  to  the  CPU  and  memory  residence  for  all  jobs  in 
execution  is  reassessed  on  installation  defined  intervals,  facilitating  job 

. 1 j * 

progression  on  a priority  basis.  r • - .•  1 ' . . 

| ‘ r The  user  may  select  job  priority  by  job  statement  parameter 

9 . ...  . .... 

or  accept  the  default  priority  supplied  by  SCOPE.  Once  a job  resides  in  the 
system,  the  external  priority  of  the  job  does  not  change.  .. 

: Job  scheduling  establishes  job's  residence  progressively 

, j • • i i 

through  three  storage  media:  mass  storage,  LCM,  and  SCM.  Jobs  receive  an 

aging  increments  while  waiting  in  mass  storage  and  LCM  to  ensure  that  no 
job  is  denied  a chance  to  execute  in  SCM.  Job  field  length  requirements  are 
evaluated  against  available  memory  to  maximize  use  of  large  and  small  core 
memory.  . ...  . q - - * . . ; - 
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. o Memory  Usage  and  Control  i , 

Each  job  while  executing  occupies  contiguous  address  in 
SCM  and/or  LCM.  Each  job  area  is  defined  by  reference  addresses  (RAS  for 
SCM,  RAL  for  LCM)  and  field  lengths  (FLS  for  SCM,  FLL  for  LCM).  If  a program 
refers  to  an  address  outside  its  field  length,  hardware  senses  the  error  and 
range  error  processing  occurs.  The  user  may  specify  the  action  to  take 
or  simply  allow  job  termination  to  occur.  This  memory  protection  hardware 
provides  integrity  in  a mul ti -processi ng  environment.  Exit  from  a user  program 
to  the  system' (a  hardware  protected  area)  for  processing  of  action  requests  is 
accomplished  by  execution  of  a monitor  jump  instruction. 

, Each  job's  field  length  contains  an  area  (RAS+0  through 
RAS+77g) , reserved  for  communication  with  the  system.  Loader  information, 
control  statement  images,  and  other  job  related  information  are  maintained 
in  this  area.  File  related  communication  occurs  via  the  file  information 
table,  which  is  declared  and  maintained  in  the  user's  field  length. 

1 An  extension  to  the  user  field  length  is  provided  for  every 

job  to  enable  the  execution  of  various  system  elements  which  service  the  user 
field  length.  In  addition,  this  extension  area  contains  exchange  packages 
for  the  job,  which  contains  the  job's  normal  and  abnormal  exits,  and  memory 
field  lengths  and  reference  addresses.  The  system  maintains  the  exchange 
packages  for  all  executing  jobs.  -- 

; ( ; 8 Record  Management 

I l i ; ! i ! ' . 1 T ' " f“  ! ‘ f 

• : : The  record  manager  services  user's  input/output  requests. 

The  record  manager  provides  flexibility  to  the  user  in 
specifying  I/O  requirements,  and  performs  required  data  movement  automatically 
during  execution.  For  instance,  the  user  may  either  choose  to  be  completely 
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free  of  details  of  physically  record  formats  (such  as  tape  or  disk  formats), 
device  assignment,  and  physical  I/O,  or  specify  them  in  detail  by  over- 
riding default  conditions. 

3. 5. 3. 1.4. 3 System  Synchrony  ...  : 

; o Real  time  clock  interval  is  27.5  nsec. 

e Interrupts  can  be  set  and  controlled  by  the  system, 
e Jobs  can  be  started  by  dependency  criteria.  • ■ 

r " e System  runs  jobs  on  basis  of  type  and  priority. 

o The  PPU  I/O  system  does  not  affect  CPU  operation  until  the 
software  determines  that  it  is  necessary.  ; * ! : • 

3 . 5 . 3 . 1 . 4 . 4 Global  and  Common  Reference  ' : 

Blank  (Global)  and  labelled  common  features  are  available. 

3. 5. 3. 1.4. 5 Link  Edit  or  Collection  r 

; | The  SCOPE  loader  provides  object  time  organization  necessary  for 

program  execution.  The  loader  translates  programs,  subprograms,  or  overlays 
in  relocatable  format  into  core  image  modules  in  absolute  form  for  execution. 

The  loader  also  performs  tasks  for  the  user  such  as  searching 
of  user  and  system  libraries  to  satisfy  program  directives  for  loading  and 
linking  memory  references,  and  establishing  entry  addresses.  - 

" 3. 5. 3.1 .4.6  Interrupt  Structure 

* ' 1 11  | 1 

Interrupt  capabilities  exist  for  I/O,  arithmetic  fault,  memory 

t . .....  ^ ( 

range,  and  memory  fault  conditions.  i ...  • > — j — j- 

3. 5. 3. 1.4. 7 Program  Residency/Non-Residency  r : f : 

■ The  capability  for  program  overlay  structure  exists  within  the 
confines  of  the  loader.  In  addition,  LCM  can  serve  as  a zero  access  storage 
media  for  these  overlays.  . ; : 
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3. 5. 3. 1.4. 8 Language  Processors  ; - : 

. Capability  exists  to  use  intermixed  Fortran-Assembly  Language 
Code.  These  can  be  linked  into  one  piece  by  the  loader.  The  FORTRAN  compiler 
includes  ANSI  options. 

3 . 5 . 3 . 1 . 4 . 9 Libraries 

Library  features  allow  for  global,  comoiler,  macro,  and  user 
(i.e.,  mathematical)  libraries.  .... 

3.5.3.1.4.10  Computer  System  Accounting 

System  information  file  includes  date,  time,  control  card,  job 
accounting  summary,  site  designed  accounting  controls,  station  messages, 
error  (hardware)  conditions,  etc.  An  analysis  program  (part  of  the  system) 

' extracts  and  builds  reports  and  graphs  of  various  message  types  and  times. 

3 • 5 . 3 . 1 . 5 Environmental  Reguirements  ' ' 7 " * ; 

The  system  will  have  the  following  facilities  requirements: 

© Space:  A minimum  of  2800  sq.  ft.  (not  including  work  area 

or  customer  engineering  office  space).  , : j" ' j ’ 

® Cooling:  325,765  BTU/Hour  air  dissipation;^. 

: t’”  ‘ 422,125  BTU/Hour  chill  water  dissipation 

6 Power:  1 25  KVA  motor  generator'  , j T-’; 

I . 1-40  KVA  motor  generator..  ' ! | 

' ! '127  KVA  60-cycle  power  for  individual  devices.. 

! ... 

,3. 5. 3. 1.6  Cost  Estimate  i ( , "T  • '~r  ; i • ; ! - 

$11  to  $12  million.  : ..  : i ! ! j 
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3. 5. 3. 2 IBM  S/370  MP/H  168  Computer  System  . ... 

The  IBM  Computer  System  consists  of  three  S/370  M 168  main  frames, 
each  with  2 million  bytes  of  processor  storage.  Tv/o  main  frames  are  connected 
together  by  a 3068  Multi -System  Unit,  which  creates  an  MP  168  computer 
configuration  with  4 million  bytes  fully  shared  memory.  See  Figure  3. 5. 3. 2-1. 

It  is  anticipated  that  the  MP  168  will  be  the  computational  element 
used  for  the  fixed  base  crew  station  and  the  time  sharing  system;  the 
single  M 168  will  be  used  for  the  motion  base  crew  station. 

• The  majority  of  the  peripheral  equipment  may  be  switched  between 
each  computer  element,  allowing  a large  degree  of ; flexibility  in  the  event  of 
a failure  in  any  single  piece  of  equipment.  V r ; ' ; 

3 . 5 . 3 . 2 . 1 Host  Computer  System  ; 1 : 

■: r-  r “ T*  ' r t - 1 ’ ' r -•  T' 

o MIP  Capacity  . ...  . ...  : . ; 

- Each  M 168  main  frame  can  execute  in  excess  of  4.0  MIP. 

- 3-M  1 68 ' s will  have  in  excess  of  12.0  MIP.  , 

© Word  Size  ; 

• - 32-bits 

© Fixed  Point 


. . - Single  Precision  - sign  + 31  bits. 

- Double  Precision  - sign  + 63  bits. 
© Floating  Point  = . , I 


■ l-  _...(  . . j 


. i 1 


! ! 
i 

-f 


- Single  Precision 

- Double  Precision 

- Extended  Precision 


: Si  gn 

; 1 

1 

1 _ 


r 7 

; 7 

7 


i i 


Fraction 
' 24 
56 
112 
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Registers  i ’ ; 

. - 16  general  purpose  (Fixed  Point,  32-bits) 

- 4 Floating  Point  (64  bits) 

@ 

Instruction  Set  Class 

- Load/Store  , .... 

- Ari thmeti c ' ’ ' : ' r 

** 

Binary 

' * » . . 

: . Decimal  : _ ; ! , . .!  J.  . . . 

. ; t j 

< i ; 

: Floating  Point  —•  ••• 

! Fixed  Point  : ' j ; t ; 

, - • ........  * * \ ( - ♦ • - r ! “ r . 1 

. I ! ) i 

- . Loqical  . . l • — j.  - L i ... : - 

; - : ■ : i ! 1 i 1 

Test/Branch  r — r j ' r~.r-j-  • t • • • 

1 

: . ♦.  i 

- Search/Compare  i . i ; j ; 1 

- - ■ • , 

- Shift  . ;.4  . 1 — L-t  : ....  - 

. ' . 

1 i 

i i - . ! i * i ! i 

' - Index  • - - ; • • '."~j  1 

. ...  ■ .. . 

• : ■ : 

Byte/String  Manipulation  j j j 

■ ; 

; ■'  i 

‘ 1 1 | j . | 

- Supervisory  . i 

; 1 i i ; ! i 

— • 1 • 

i : 

....  - Q 

i 

<0  ‘ 

Storaqe  ' , ■ . . ; • ; 

' ' 

. . , |-  r -n  — 

- Buffer  storage  | ; i i ; ! 

- - 

1 

..  , „ 

80  ns  cycle  time  . ...  . L.  — {. 

• - i 



1 

• 5 { 

4 parity  bits/words  ' . ■ j-  -j  ; - 

- 8K  bytes  expandable  by  8K  to  16K  ; : : 

! 

i 

!~  f 

j. , 

■ } 

"i  1 'Y  : 

\ 1 j i % 

e 

Processor  Storaqe  . , 1 — 4 

t 

. _ . . L 

:.  . .: 

• 

'•  • -•  ••  - 

- - 1 Million  bytes,  expandable  to  8 million  bytes 

in  1 million 

. byte  increments.  | ; | i 

• V 

- . 4 v/ ay  double  v/ord  interleaved  access 

. _ J } • 9 , J 

, 

• i 

i « 

! t 

J " ■ 1 ! : ■ ; • i . i | ! ^ ■ 

:•  I ; ; ' r ' ; ;"n  'i"  ft'" | I :~!  ' 

! 

'i  ' 

*?  ' 

..  p— p | 

/ 

-*  * t — » f * ' , t * •-  } 

j . • , ■ ■ ; 

: t — ; - ; | --  | ; | 

! 

.i.  . . 

F-398--8  - 


date  3/23/73 


REV. 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON.  NEW  YORK 


PAGE 

NO.  3-565 

REP. 

NO. 

8 byte  wide  data  path 

Read/write  cycle  time  of  480  ns  for  8 bytes  on  double 


word  bound, 


Partial  write  time  of  800  ns. 

; - CPU  data  fetch  (double  word)  takes  560  ns.  ; 

- In  cases  of  simultaneous,  memory  requests  to  same  storage 
module,  satisfaction  is  based  upon  requesting  priority  at  storage  control  unit. 

- Error  checking  and  correction  code. 

3. 5. 3. 2. 2 Central  Processing  Unit  - - • ■ 

i . 

: © Features  <.  ; ; '<  ; f : 

• - 4 deep  i ns  true  ti  on  stack . . . ; . . 

' -j  ; - A double  word  from  instruction  stream  can  enter  instruction 

buffers  every  80  ns.  , ; ; i 

, - Dynamic  address  translation  allowing  virtual  storage  to 

16  million  bytes.  j..  : ■- 

• .i  | i ; i • i *5 

: - High  speed  multiply  feature.  ; i 

*■  ' ' _ _ _ \ 

) i ■ : . ' ■ 1 1 ; • • "l  ' 

•;  ; - Automatic  instruction  retry,  | _ ; 

' - Time  of  day  clock.  - f-  ; ...  > 

” ’ ! r Store  and  fetch  protection.  ( , ! 

; ; - Writable  and  read  only  control  storage.  _ 

1 - Integrated  storage  control.  ••  -.■■■■'-  ; : ; 

i 

3. 5. 3. 2. 3 Time  Sharinq  Equipment  : | . i ' ! 

..  3 . .1.  . i _ -! — j — I..  : . ..} 

0 3271  Display  Controller  . . 2.._ ; 

i-  - Buffer  capable  of  handling  devices  of  up  to  1920  characters. 

j - Can  attach  up  to  32  separate  1/0  devices.  . i 

. L . Permits  transmission  speeds  of  1.2K,  2. OK,  2.4K  or  4.8K  BPS. 

> . »>  . j 

: - Permits  remote  attachment  to  S/370 . « •"  •—  p-i-  ; j 
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6 2922-1  Programmable  Controller  , i 

; - Contains  8K  bytes  of  addressable  program  and  data  storage. 

Each  byte  can  store  alphanumeric,  binary  or  logical  data. 

- Provides  eight  general  registers,  including  direct  addressing 

•capabili  ty.  ’ • * • ' • - * • - • - • : * • 

! - Operates  with  fixed  point  and  packed  decimal  arithmetic. 

Included  are  multiply,  divide,  edit  and  translate  instructions.  ... 

'■  • All  functional  switches  and  lights  are  located  on  the 

[controller  console.  ■ j : ; ! ! ; i i = ! 

‘ j * : ‘ * ‘ ' " s * "!  | ' '■  - ••  -f  ™*  • - - 1 ' 

; L..;.  ’ . e . 2922-3  Card  Reader  ’ . . . _.J.  .{....J  i 

'■-■-r  — r-  i i-  _ Provides  card  input  for  the  controller  at  speeds  up  to 
500  cards  per  minute.  1 : ! i i ; 

: - Can  read  all  EBCDIC  codes  as  well  as  binary  cards.  . .. 

. I ! ; l • ; 

T'f  ! - Equipped  with  a 1200  card. hopper  and  1300  card  stacker. 

. j * I ‘ • , 

i ; o 3272  Display  Controller  j | \ j I ; : ^ j ■, 

Permits  local  attachment  to  S/370.  i ..  .;  !.. 

! j | | | : ; ■ i ; | 1 

| _ Buffer  capable  of  handling  devices  of  up  to  1920  characters, 

j | ; I - Provides  attachment  of  up  to  32  separate- 1/0  devices. 

■'  J : ! - Permits  speeds  of  up  to  650KC/sec.  ..  i j..  J . *_  \ 

r , f i • i i i i i 

■ - ■ ■ : ' i ; i ! , ■ 

: • © 2501  Card  Reader  i f T'~:T'j  | " | ' ; 

1 j | r 600  card/minute  ; i ; j , | j j \ \ 


Can  read  all  256  EBCDIC  punches, 
a ' 1403-02  Pri nter  : " 

•!  - 132  print  positions.  i 


i.  - 600  lines  per  minute 


: j i i 


s irl 


r ~ i-  T 
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! ! j 


F-398-8- 


DATE  3/23/73 


THE  SINGER  COMPANY 
SIMULATION  PRODUCTS  DIVISION 

BINGHAMTON.  NEW  YORK 


PAGE  NO. 


REP.  NO. 


3-567 


6 2944-1  and  2944-2  Repeater 

. - Physical  channel  extender 

• - Extends  channel  to  approximately  4000  feet 

3. 5. 3. 2. 4 On-Line  Peripheral  Equipment  • 

e 2880-2  Block  Multiplexer 

- Operates  in  selector  or  block  MPX  mode. 

- Transfer  rates  to  3.0  MB/sec. 

. - Channel  indirect  addressing. 


f--  2 byte  interface.  ‘ 

i ’ 

: - Can  connect  up  to  8 control lers/channel 

- Can  attach  channel  - channel  adaptor 
e 2870  Byte  Multi plexer 


Operates  in  byte  or  burst  mode. 
May  have  selector  subchannels. 
Channel  indirect  addressing. 


- Can  connect  up  to  8 controllers/channel . 

- Can  attach  channel  - channel  adaptor. 


© 3333/3330  Disk  Drive 


- Each  pack  has  approximate  capacity  of  100  M bytes 

r ■ ...  ......  ... 

- Average  access  time  r 30  .ms  „ • i. .... 

Average  rotational  delay  - 8.4  ms.-  ■ r 


- Rotational  position  sensing. 

- Can  service  multiple  requests. 

- Two  channel  switch. 


- Transfer  rate  806  KB/sec. 
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© 2305-2  Fixed  Head  Disk  ! 

, - Storage  capacity  - 11.2  million  bytes.  ’ 

- Average  access  time  - 5.0  ms. 

- Data  transfer  rate  - 1.5  MB/sec. 

© 2835-2  Fixed  Head  Disk  Control  ' 

- One  or  two  2305-2  fixed  head  disks  may  be  attached. 

- Rotational  position  sensing. 


< 


u. 


- Two  channel  switch. 

- Can  service  multiple  requests. 

(s  3803  Tape  Controller  „ 

' .t.  Two  channel  switch.  . - . i 

- Handles  7 and  9 track  drives. 

- Data  rates  from  60  to  1250  KB/sec. 
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o 2914  Switch 

• • ' » 

- Connects  device  interface  to  channel  interface. 

- 8 device  strings  to  8 channels.  ; 

3. 5. 3. 2. 5 Operating  System 

The  candidate  operating  system  is  the  System/370  Operating  System/ 
Virtual  Storage  2.2,  which  is  a generally  compatible  extention  of  0S/360  MVT. 
VS2.2  is  a virtual  storage  system  with  time-sharing  and  multiprocessing 
support  integrated  into  the  control  program.  In  addition,  the  design  provides 
the  potential  for  the  concurrent  execution  of  time-sharing,  background,  and 

real-time  jobs.  • , r . . 

i ■ o Overhead  ' j ; j ; , } . 

- ' • : ) - : The  amount  of  real  memory  and  CPU  time  used  will  be  dependent 

upon  the  options  selected  and  services  used.  A reasonable  estimate  of 
resources  used  would  be  10  - 15%,  time  and  core  (i.e.  ~.4  MIP,  300K  Bytes). 

- - ■ o OS/Simulation  Software  Interface  ! -j 

« • [ 

The  VS2.2  operating  system  provides  most  of  the  required  system 

facilities  and  services  to  implement  the  simulation  software  system.  Facilities 
and  services  that  must  be  added,  (e.g.,  special  device  support) ,.  may  be 
installed  using  standard  features  of  the  system'.  . ! i ! : ! 

. : ■ - t • * t—  • j - ■ f-  J * - 

© Synchronization  of  Parallel  Execution  . ; _ • 

T.  : VS2.2  contains  all  necessary  logic  and  controls  to  fully  integrate 
a two  CPU  complex  into  one  total  computer  resource.  This  is  accomplished  by 
having  each  CPU  execute  one  common  operating  system.  Thus  each  CPU  is  fully 

■ < i ' , ; 

aware  of  the  actions  and  status  of  the  other  CPU.  ; ■ ; ’•  ; - : v 

L : ! : ,j_  ’ . : . 

e System* Synchrony  • : , I.  . : ; 


- . Interval  T imer 


• This  timer  provides  program  i nterruption ,,on  a program-controlled 
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basis.  The  timer,  which  is  updated  by  timing  circuits,  has  a time  resolution 

i j 

of  3.333  milliseconds. P • - *'  1 

- Time-of-Day  Clock'  | ; • i ! • 

The  clock's  binary  value,  updated  each  microsecond,  can  be 
interrogated  or  set  by  provided  instructions.  "I  T ' - 

- Clock  Comparator  and  CPU  Timer  > 1 

. ; The  clock  comparator  causes  an  external  interruption  when 

the  time-or-day  clock  reaches  a value  specified  by  the  user. 

Priority  Structure  i | i : ; 

VS2.2  supports  a complete  multi-level  priority  structure 

i | ; 

throughout  the  system.  This  structure  may  be  dynamically  modified  by  the 
user  programs.  ! : : ! : ; j L I _ ' ! : 

r . | i j ■ 

..  © Global  and  Common  Reference  , 

-  l « » i • 

• : * : i . \ ' 

• " The  standard  compilers  and  program  products,  (e.g.,  PL/I) 

provide  for  global  and  named  common  data  areas.  ; | j • : 

: ' ■ j j-  "p  — j-'  . 

. . © Link  Edit  or  Collection  ..  I — 1 — I — i.  _• 

| I j j }. 

; i 1 * _ ‘ i • • 

. “'r*"-  Linkage  Editor  ; |“"j ' ' ] j ‘ ' j* [ pi 

The  linkage  editor  combines  separately  compiled  or  assembled 

Cl 

object  modules  into  a single  program  that  is  ready  to  be  loaded  and  executed. 
It  also  combines  previously  edited  load  modules  with  each  other  or  with  object 
modules,  and  enables  changes  to  be  made  in  a program  without  recompiling  (or 
reassembling)  the  complete  program;  only  those  sections  that  are  changed  need 

to  be  recompiled.  r ' | 1 ' : 7 • •"  7 : 

. . . ...  - ..  . • • J.  A..:  ! L :....  ...  . ; 

© Interrupt  Structure  ; : j ' ’ 

......  The  computer  interruption  system  separates  interruptions  into 

i 

' ' : 1 ' 

five  classes:  . [ ° ■ 1 

. i * { f - J tv  . 
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' Supervisor  Call  interruptions  are  caused  when  the  program 

-i  issues  an  instruction  to  pass  control  to  the  part  of  the  control  program 

which  performs  the  supervisory  functions  associated  with  a task. 

Program  interruptions  are  caused  by  various  kinds  of  programming 

-•  errors  and  exceptions.  J.  J.  . !.  • ! : 

i ; . • ; ■ i 

Machine  Check  interruptions  are  caused  by  the  machine-checking 

| circuits  detecting  an  error.  ! i \ i ! ■ ! 

J J ; j 1 j i ; . i i 

i'  ; i/0  interruptions  are  caused  by  and  I/O  unit  ending  an  operation 

I or  otherwise  needing  attention.  " . — j — , — j-  • i-~ 

j : : 1 External  interruptions  are  caused  by  an  external  device  that 

; requires  attention,  by  the  interval  timer  going  past  zero,  or  by  the  operator 

’j  Pressing  the  interrupt  key.  Provision  is  made  for  user  handling  of  external  • 

I interrupts.  j i ’ i i ; j j 7 *T  “=  "7 ‘ : . * 

I 1 . ■ • ; ’ — j’  J I"  — - 

-I-'- ® Program  Residency/Non-Residency  . . ; ’ 

i ! • » i ] '!;•'! 

7 ”;  V Executable  user  program  segments  which  cannot  be  accomodated 

j in  the  real  memory  of  the  user's  system  may  be  loaded  into  real  memory  for 
--execution  via  the  VS2.2  demand  paging  function,  giving  the  computer  the 

{ i ! ; 

r appearance  of  having  16  m bytes  of  storage,,  standard  VS 2.2  overlay  facilities, 

i or  a user  written  overlay  handler.  i | j . "j  i j ’ "• 7 V " ‘ " 

!•,»••  --f j — t •— 4 ; i : • 

|v  - s Language  Processors ...  ...  . ....  ■ j j _ [ j _ } ' \ 

rr  ■!  i f—  ,VS2.2  system  assembler  — ; — !-•»--] -----  ■ v— 

I '•  j . I..4  • . ; ! ; I ! I j ! ; 

|_  I j i i | A macro  assembler  which  translates  a symbolic  language  into  . 

^ machine  language  relocatable  object  code.  _ : _!_  J i j 1 : j 

j : : ■ j 1 I I Tfr  !"7": 

} ; ; *;  . - Fortran  IV  ' r " | ~i— 1 ■ -]- -{— ■ j - -f  ■■  - j-  

[ i : System  Utilities  • ; J j ; ; : j ; P ' i 1 " 

P 1 •;  . — -An  extensive  library  of  facilities  and  services  are  provided 

L by 'utility  routines  to  simplify  and  enhance  util ization  of  the  system. 

: ‘ i ■ ; i i 1 I i j | 1”  i i ; ’ . "i  ' 

! It!?’.  ; 


I 1 i 


i I i 
i .. 


ill! 
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. - Mathematical  Library 

• A comprehensive  library  of  mathematical  subroutines  are 

' supplied  in  the  Fortran  IV  library.  This  library  also  includes  input/output 
support  routines  for  use  by  fortran  programs.  ' 

- ' Macro  ' •; 

; A macro  library  providing  access  to  the  complete  VS2.2  system 

■ capabilities  is  supplied.  The  ability  to  add  installation  defined  macro's 

is  inherent  in  the  library.  • j- 

. :■ , i . 

; ; ! • Computer  System  Accounting  ! i i 

“i  1 ‘ ’ 

- Two  standard  measurement  facil ities  are  included  in  VS2.2: 

• " - System  Management  Facilities  (SMF)  provide  the  means  to 

gather  and  record  information  that  can  be  used  for  user  accounting  or  for 

i 

: evaluating  system  use.  SMF  is  basically  job  and  terminal -session  related. 

i 

'>  - The  system  activity  Measurement  Facility  (MF/1 ) collects 

: information  about  system  activity  and  produces  trace  records  and  reports. 

. MF/1  is  basically  system-oriented;  it  is  designed  to  aid  the  installation  in 
imporving  system  performance,  analyzing  system  trends,  and  evaluating  future 
system  requirements.  / i i • , ! | ' \ j ; i ! 


3. 5.3. 2. 6.  Environmental  Requirements 


j i ' 
i 


iquirements 

i j ! : • 

iquirements 

; ! ; i i 

i t ! ; * ' 1 

1 ' ; • , | 

s Cooling  Requirements  i_  j_ 

p - Air  700,000  BTU/HR 
1 • - Chilled  water  500,000  BTU/HR 
e Floor  Space  p ; j_ 

- 4,000  Sq.  Ft.  ■ 4- 


L j 
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3. 5. 3. 3 UNI VAC  1110  Computer  System  ■ 

The  Univac  Computer  System  shown  in  Figure  3. 5. 3. 3-1  is  comprised 
of  two  central  complexes  (System  I,  System  II),  each  of  which  is  a Univac 
1110  Computer.  Both  computers  have  identical  characteristics  with  respect 
to  computational  power  and  addressable  core  storage.  The  on-line  peripherals 
have  been  configured  so  that  each  computer  has  full  access  capability  via 
-transfer  switches.  These  transfer  switches  have  also  been  utilized  in  the 
configuring  of  the  remote  batch  stations,  interactive  terminals,  and  the 

essential  hardware  elements  of  each  crew  station.  

3. 5. 3. 3.1  Computer  System(s)  ; - - ^ 

, : , 0 MIP  Capacity:  6.0  (System  I)  ; ■ 

6.0  (System  II)  1 . _ j 

, * T ! i • | . „•  : 

- ■ ’ - TOTAL:  12.0  ■ -i  • - - --—4 ! -i • 

; . ; . ? .i  ; i 

■ o Word  Size:  36  Bits  ; , ; j 

; j.  © Floating  Point  Sign  Exponent  Fraction 

‘-*7  Single  Precision  1 Bit  --  - -8  Bits  27  Bits 

' ’ \ ; t . } j J I 

i Double  Precision  1 Bit  11  Bits  60  Bits 


0 Floating  Point 

1 • • ; 
Single  Precision 

'Double  Precision 

» 

e Fixed  Point 
Single  Precision 
Double  Precision 


Single  Precision  ; Sign  Bit  + 35  Bits 

Double  Precision  Sign  Bit  + 71  Bits 

Primary  Storage  (PSU):  262K  (System  I) 

— ■ — 1—  -j"-  ■■!  — •— i 262K  (System  II) 


TOTAL: . 524K 
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Features:  

! 

, 1 

I : • 

- 280  nanosecond  read  ” 

- 480  nanosecond  write  ; 

- 650  nanosecond  partial  write 

’ ! » : 

Word  si2e  = 36  bits  . j 

- 8,142  word  memory  ; 

• i : ; 

- Simultaneous  access  to  each  module  in  a storage 

i 

uni  t 

[ * 

’ - Parity  Checking  : i 

,■  : 

- Access  through  each  MMA  by  up  to  four  CAU's  and 

four  IOAU's 

j 

• ’ ; ’ : i*'  I ’ • 

Expandability  in  32K  word  increments  up  to  a maximum  of 

« . ' ; 1 ......  ; : • 

262K  words  , 1 ' 

> i 

■ " • i ; i 

A Interleave  access  (odd-even  addressing  to  two  adjacent  8K 

— — ' - - — — 

-4-  • modules)  ' --1  • •.  •- 

1 1 ! 1 ; ' 

■ : 

, \ 

- Access  conflicts  resolved  for  8K  word  modules 

1 

■ ; ) : ♦ 

- Parti tionable  in  32K  word  increments  ' 

; • 1 

- ‘ ■ — !—  0 

Multiple-Module  Access  (MMA)  Section  - — - 

1 - - ■ 

Features:  j . i 1 > 

~t  *■  *•  ••  ; “J.’  “ ~'t  ~ 

- Provides  eight  priority  - ordered  connection  paths  to  each 

-[■•—of  the  storage  modules  in  the'  PSU.  -1  . ■ 

1 _ • I • ' ' __  [ 

- Number  of  paths  may  be  expanded  to  16. 

- Each  CAU  requires  two  paths  (operand  and  instruction) 

. . ' f * 

! .1  : • 

I . ' 

f Each  IOAU  requires  one  path  - -j-  1 

I i f ; : 

- The  basic  MMA  contains  four  preemptive  paths  for  IOAU  use 

and  four  non-preempti ve  paths  for  CAU  use. 

"r " ■ • ‘ ; "j 

— MMA  expansion  paths  are  non-preempti  ve  only. 
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o Extended  Storage  (ESU) 


51 2K  {System  I) 
51 2K  (System  II) 


TOTAL :1 024 K 


Features:  • 

J . 

- 1 - 1.5  psec  read/write/partial  write  cycle  time 

j * j . f 

; - 1 3 1 K words/uni  t 

Expandable  to  8 units  (1M  word)  per  system 

r Parity  checking  for  data,  address  information  and  read/ 

write  control  information  4 . • 

- Connected  via  the  MAI  to  the  CAU  and  IOAU 

, ; ! : ' l 

‘ ® Multiple  Access  Interface  (MAI)  - ■■  ~ -•  ,-y 

Each  MAI  module  operates  in  the  same  manner  as  the  MMA.  One 

i .* 

required  for  each  ES  unit.  . : . ..  L . 


Command/Ari thmetic  Unit  ( CAU ) 


Features : 


- 4-deep  instruction  stack  i 

- Interface  capability:  4 PSU's  (via  MMA's)  - 

; • * ' 
j"V  "Ti  i 8 ESU's  (via  MAI's)  i 

- Overlapping  and  interleaving  of  data  paths  J 

- Can  logically  be  removed  from  system  for  maintenance 

t 

j ; . • ; 

r without  affecting  the  remainder  of  the  system  i 

> CAU  to  CAU, communication  via  interprocessor  interrupt  lines 

- One  CAU  can  interface  with  two  input/output  access  units 


- 300  nanosecond  effective  basic  instruction  time 

\ • 


I 
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- MIP  rate:  1.4  - 3.0/CAU 

@ Input/Output  Access  Unit  (IOAU)  ..  L- ; 

! Features:  ! 

- Provides  control  and  data  paths  between  main  storage  and 

. .!  peripheral  subsystems.  . i 

- Allows  data  transfer  to  occur  without  affecting  the  instruction 

eye! es  of  the  CAU.  i : t . 1 | 

.!  . i-  Minimum  of  eight  channels.  . : ...  j 

j • 

I - Expandable  in  increments  of  eight  to  24  channels. 

! . J ' , 

; - Data  chaining  provided  scatter/read,  gather/write 

; .-..Interfaces  to  CAU,  storage,  system  partitioning  unit  (SPU), 

i ! il;  i i 

, - ■ peripheral  subsystems.  — i — f :* *-  . 

. i ; ; ! | : i ’ • : : 

i - Aggregate  transfer  rate:  4M  words/second  . , „ ; , ; 

Parity  checking  of  input/output  transfers  : ...... 

I 1 i ■ ■ I > | 

® System  Partitioning  Unit  (SPU)  ■ 


; Features:  ; ' i ! I ! j i } ! ■ ! ; 

J Partitions  large  systems  into  two  or  three,  smaller  systems. 

- Isolates  units  and  takes  them  off-line  for  maintenance, 
j without  disrupting  the  rest  of  the  system.  ; . ; j , , 

: . .r  Provides  system  monitoring.  ; •_ . .; | j. . 

V-~i-  .Allows  automatic  recovery  procedures.  - | 

a General  Registers:  112  (36  bits/register)/CAU  ; | 

i , ' " f ’ . ' | ’ ■ ’ i i ; ' 

0 Instruction  Class  : „l. ! L . 

Load/Store  *•  - ' ; • ; Arithmetic:  Binary 

r ' Logical  r : ; Decimal 

J..  J Test/Branch  . ,j ...j.  . i_.it  Floating  Point 

: ' * f • i 

- ! - Search/Compare  , --  --  - -i — Fixed  Point 

j « _ _ * _ [ <2 

T*  \ "i  Shift  r ry  f i '1  Byte/String  Manipulation 

i **  ' ~ i * ' ♦ ■ ‘ ‘ v ‘ ~ 

I ; Index  ! ! i ! : Supervisory 
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1 

UNISCOPE  100  Display  Terminal 

. 

The  UNISCOPE  100  Display  Terminal  is  an  alphanumeric  display 


that  is  designed  for  a broad  range  of  applications  which  require  ditect 
operator  interaction  with  a centralized  computer  system.  Due  to  its 
; modular  construction,  the  UNISCOPE  100  terminal  operates  either  as  a data 

i 

entry  or  as  a display  device.  ; - • - ■ — " 

3 . 5 . 3 . 3 . 2 Time-Sharing  ' ' • 1 

: ; ; ' 0 The  UNISCOPE  100  Terminal  . '...J ....  ...  . 

’ I » 

_j.  --The  UNISCOPE  100  Terminal  is  a self-contained  unit  consisting  of 

1 i • » 

T a cathode- ray  tube  display  screen,  refresh  memory,  character  generator,  control 
logic,  operator  keyboard,  and  communications  interface.  Special  interfaces 
for  direct  computer  connection  and  hard  copy  output  are  also  available.  A 
variety  of  presentation  formats  are  offered  which  provide  a total  display 
capacity  of  480,  512,  960,  or  1024  ASCII  characters.  .The  complete  ASCII 
set  of  96  characters  can  be  displayed  (includes  upper  and  lower  case 
alphabetics).  Hardware  editing  capabilities  enable  the  operator  to  completely 
edit  any  message  prior  to  transmitting  the  message  to  the  computer. 

. . . . — Sixteen  UNISCOPE  100  terminals  may  be  connected  to  a single 

| communications  line  modem  or  to  a computer  input/output  channel  by  means  of 
"multiplexers.  j_ j._  ! . .i.-... ; ..  . ..j_ I — . — j--'  - j — : — ; • -4 

, 1 ' | | i | j • i | I 1 i 

— ' — 4 — 9 Remote  Batch  , . -f  - ...  r-  • • ,*•  - - 

. ; ! ! , — : • i ; j j , _ _ ! : i , 

s ' : Simulator  Contractor  Site  • ; ! ! 

| ']  ' 1 9300  Processor  (8K  bytes  storage).  . *„•  !.  ....  ...! . 

--  1 — ‘ ' — 1 Printer  600  LPM  • ! " 

• ! i i • • L ^ ■ 

" ' '"i  - ' - 1 Printer  900  LPM  : ; j j y • i 

: i / - 1 Reader  1000  CPM  4 1; ...... .:  . J.  | ..  ....; 


1 
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3.5.3. 3. 3 On-Line  Peripherals  ‘ 

o Communications/Symbiont  Processor  (C/SP) 

' ; ‘ General:  The  UNI  VAC  Communications/Symbiont  Processor  is  a 

high  performance,  internally  programmed  system  which  is  intended  to  absorb 
the  combined  symbiont  functions  of  communications  control  and  paper  peripheral 
control.  Its  high  speed  internal  operation  and  flexible  I/O  channels 
provide  high  throughput  rates  and  a universal  interface  for  all  types  of 

; . ‘ I i 

communications  facilities  and  terminals.  . — ; - • " 

""  i”  "i  ' e Processor  Characteristics  : i 1 


The  major  features  of  the  processor  include  the  following: 

--  52  half-word  and  full -word  instructions 

r-'  Sixteen  32-bit  general  purpose  registers,  external  to 

storage  w • . j.j..  , ... J L.  ' 

*v  . I ’ : j 

; - Attached  processor  maintenance  panel'  -u- . j... 


; ' | ~ 4-  I/O  interrupt  and  data  priority  controls  , ; 

i : J-  Interval  timer  (6ms  resolutions)  5 i a I.  : 

!-  16  bit  data  path  - ; -• j — f"  j — p — ; — : h'"  f ' !'  ' ■ 

' f V i 1 V ‘ Multilevel  interrupt-  i •;  i > ! i J ! , i 

}*•;:*  ; ! • • ' . _ .... . . . . 

“V/  ~ : - j-- ( • • . | , i ! | » j 

i ■ : _ ; 630  nanosecond  cycle  time  [.  ■ | . ; 

I t I r I • ; 

— L. — i--' Basic  binary  add  (RX)  instruction  time  of  2.52  ps  (four  cycles) 

1 ! ; 1 • 

; ^ : 1 \ : • : . . . 

j"  ‘ ;■  ;c  Binary  add  instruction  (RR)  time  of  1.26  ps  (two  cycles) 

’ 9 Interrupts  .! . i . 

i i ’ ‘ ' i • ' 1 ' 

-4--  • - The  interrupt  system  provides  an  automatic  means  of  alerting  the 

I ** 

C/SP  processor  to  exceptional  or  unexpected  conditions,  such  as  the  end  of  the 
I/O  operations,  program  errors,  machine  errors,  and 'similar- occurrences 

I 

and  directs  the  processor  to  the  appropriate  program  routine  following  their 


detection. 
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e Main  Storage  Characteri sties  - • •• 

The  main  features  of  main  storage  include  the  following: 

? 

‘I  - Capacity:  32,768  bytes  minimum;  131,072  bytes  maximum 

1 Cycle  time:  630  nanoseconds  read/write/cycle 

* ' * • 't 

t . . 

‘ - Operating  mode:  nondestructive  readout 

: j [ i'  - Storage  data  path:  18  bits  wide  (two  8-bit  bytes  and  two 

- ~ ; f » j < 

r - parity  bits)  : - --  : ' 

* * i ' . 8 

: "TT-  Addressing:  zero  time  indexed  base  and  displacement 

i j . _ . . . . 

; _!  i ! ! . *_  double  indexed  ..  • _ 

* ^ ! ' j ' 4 

r — - --Storage  protection:  program  and  I/O  transfer 

* j ' "j  ' ; ■ - Parity:  odd  parity  (one  parity  bit  per  byte) 

& : Addressing  . j_J.  T:.  ! J _j  . J.  ■ ' . . .. 

— — - ~ - '-The  addressing  hardware  accommodates  a 17-bit  address  field 

. • , 

which  permits  one  cycle  addressing  of  131,072  bytes.;  ; ; 

; ! Channels  ’ j.  j.  1 ' L_i _ . _ 

: i ‘ ’ , **  1 ' 

- .All  information  transmission  in  and  out  of  the  C/SP  is  handled  by 

channels.  The  features  of  the  C/SP  channels  are:  : j i 

! J ! s Direct  interface  to  storaqe  - * . . ■ ! ! 

V ' •'  ’!  ' ; : . : : i ' ! ' 

e Independent  operation  - ; *-!  -•  ;•  ••  _ • ; - j 

*!  e Simultaneous  operation  i j . * ; i ; 

I ^ . ■ _ , 4 ! ■ ^ , „ , . . ^ 

' , • » . Priority  interchangeability  .J  | J ... 

• • The  C/SP  may  contain  up  to  seven  channels,  numbers  0 to  6. 

8 t * 

Priority  of  these  channels  increases  in  descending  channel  number  order, 

----  - * *8- 

Channel. 0 having  the  highest  priority.  . . ■. 

| j ‘ 1 . . J ; l 
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. 'Channel  Types  'V,.", ’*  V".  * ; 

; The  C/SP  is  equipped  with  the  following  four  types  of 


channels : 


“ ; ' ' 1 ' - • Special  Device  Channel  (SDC) 

T : : The  primary  function  of  the  SDC  is  to  provide  the  means 

for  local  program  loading  and  maintenance  of  the  C/SP  using  a serial  80 

column,  80  card  per  minute,  card  reader  device. 

! ; j i - ; 1100  Series  Adapter  Channel  ; 

J. The.  1100  Series  Adapter  Channel  (intercomputer  adapter 

* ; * 

channel)  provides  an  interface  for  direct  communication  between  the  C/SP 
and  an  1/0  channel  of  a UNIVAC  1100  Series  Computer.  The  maximum  transfer 

rate  is  in  excess  of  300,000  words  (36  bits  each)  per  second.  

. : - j-  •*  Multiplexer  Channel  ^ ■; 

; | j j ; This  channel  provides  the  capability  of  attaching  all 

currently  available  UNIVAC  9000  Series  peripheral  devices,  which  operate 
on  a correspondi ng  channel  to  the  C/SP.  In'  addition,  the  high  speed  card 
reader  and  the  ASCI  I.  pri nter  can  be  connected  via  the  channel.  ^ 

i ..  __.j -..General  Purpose  Communications  Channel  (GPCC)  ' - 

i i i j j | ' 

’ '--r-:  The  GPCC  and  associated  components  are  described  below. 

I ■ * f 

e General  Purpose  Communications  Channel  (GPCC) 

r_‘i “t  r - . 

_j  _J  ; ' 'The  GPCC  performs  such  functions  as  multiplexing  the  various 

!;!'!;  • 

‘communications  line  terminals  (CLT)  so  that  one  CLT  may  be  serviced  at  a 
time,  recognizing  special  characters  and  sequences  of  characters,  checking 
character  parity,  coordinating  all  data  transfers  to  and  from  storage,  and 
executing  other  necessary  operations.  I ; 
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■*  ....  The  CLT's  perform  the  functions  of  assembly  and  disassembly 

of  data  characters  for  proper  reception  from  and  transmission  to  a 
communication  line,  detection  of  certain  conditions  of  the  communication  line 
such  as  loss  of  carrier,  a ringing  indication,  and  others;  and  establishment 

of  character  synchronization.  [ ' 

; The  multiplexer  portion  of  the  GPCC  accepts  up  to  64 

'simultaneously  presented  service  requests  from  the  CLT's  plus  an  external 
function  (XF)  request  from  another  portion  of  the  GPCC.  The  multiplexer 

selects  one  request  by  connecting  the  selected  CLT  to  the  GPCC. 

"■  i'"  • ! . i : ( ' "i  1 

J i — ' e 2 Line  Printers  . ‘ J.— — ! 


- 2 900  LPM 

1200  LPM 
© . Card  Reader 
- 2 1000  CPM 

i 11  I 

© Card  Punch 
....  2 250  CPM 


> i i 


I i 


3 FH432  Drums 
1 FH 1782  Drums 


Averaoe  Access 
4.25  mil  . 

; t 

' 17.0  mil 


i 

i 1 ! 1 i 

r >■ 

Caoaci  t.y 

!...  4.7  million  char. 
!"  12.5  million  char. 


.. One  System  Total:  • . ..  - 4--  17- 

; I • : . ; l ; J * 

I 1 ■ ; i l 1 

~ ■ Two  System  Total  :' *~T  i "if  34. i 

J ' i. 

- Dual  Access  Capability  ‘ 

Accessable  by  each  central  complex  via  transfer 


L.  17.3  million  char. 
34.6  million  char. 


swi tch. 


' 1 


. i — . J 

} 
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© Hass-  Storage  Disc  Subsystem 


4-8440  Disc  Storage  Units 


Average  Access 
30  mil. 


Capaci ty 
960.3  Mil.  Char 


■--r 


i i 


• "»  * Two  System  Total:  l1, 920. 6 Mil.  Char. 

- Two  independently  addressable  disc  drivers  per  unit. 

1 ! ' 

Dual  access  capability.  

t j I » t 

" "1  : ; t - Accessable  by  each  central  complex  via  transfer  switch. 

> j ; _ __ ; e ; Tape  Subsystems  ... ...!  

- ! - - Per  System:  2 UNISERVO  16  Taoe  Units  1600  BPI  - 9-track 

1 i i • • , 

T r "j  | ’ " i . "'(  ; ; 2 UNISERVO  16  Tape  Units  1600/800  BPI  9-track 

1 I : ! 1 j ; • 1 UNISERVO  16  Tape  Unit  200/556/800  BPI  7- track 

‘ « i ‘ " \ " *'!  ‘ 

i • I » » 1 > ■ i * , 

- j i-  | Dual  access  capability.  -!  ( 

- Accessable  by  each  central  complex  via  transfer  switch. 

“ “J  ' ’ * ‘ ....  - . ’ . 0 

3. 5. 3. 3.4  Operating  System  (OS)  _ [ J • . .. 

| i • : 

— f 4 — ’The  UNIVAC  1110  system  is  the  logical  successor  to  the  UNIVAC  1106 

! i ; 

System  and  the  UNIVAC  1108  Multi-Processor  System.  Designed  to  enhance  the 
efficiency  of  the  UNIVAC  1100  Series,  the  UNIVAC  1110  System  offers  dependable 
and  highly  effective  processing  in  real  time,  demand,  and  batch  mode,  and 
excels  in  multiprocessing  time-sharing  appl ications . , , ■ 

: . I la  User  Timer  . :.  ....  . ■ |. -.  

i : 1 i : ‘ . • • : 

■ -(  This  register  is  initially  loaded  by  the  program.  The  contents 

are  then  decremented  once  each  200  microseconds.  A real  time  clock  interrupt 
occurs  when  the  clock  count  is  decremented  through  zero.  Thus,  if  the  clock  is 
initially  loaded  with  the  value  5000,  an  interrupt  occurs  in  exactly  one 
second.  i . I i ‘ \ \ < 1 \ . ■ : 
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© Synchronization  of  Parallel  Executions 

In  the  proposed  UNI  VAC  4X2  1110  Configuration,  the  initiation, 
synchronization,  and  termination  of  execution  sequences  can  be  accomplished 
by  special  ER's  (Executive  Requests). 

a Re-Entrant  Code  Generation 

UNIVAC  supports  all  forms  of  re-entrant  processino  for  users 
of  the  1100  System.  The  FORTRAN,  COBOL,  and  ALGOL  processors  and  libraries 
are  provided  as  a set  of  re-entrant  modules.  The  FORTRAN  and 'COBOL  compilers 
produce  re-entrant  code  and  can  be  used  to  produce  re-entrant  processors  for 

i 

local  use. 

© System  Synchrony  : 

PsrReal-time'clock  . . , 

- A user-written  ER  (Executive  Request)  can  be  written  and 
included  in  the  set  of  ER's  for:  initializing  the  Real  Time  Clock  with  a 
time-value  and  receiving  an  interrupt  when  the  time-value  is  expended. 

- A special  ER  (RT$)  allows  alteration  of  priorities  of 
program  modules. 

* Priority  Structure:  1100  Operating  System  supports  a complete 

multi-level  priority  structure  throughout  the  system. 

I * . . * 

© Link  Edit  or  Collection 

• The  UNIVAC  1100  Series  Operating  System  provides  the  ability  to 
combine  the  relocatable  elements  generated  by  a language  processor  into  an 
executable  (absolute)  element.  This  combination  or  collection  or  relocatable 
elements  is  done  by  a system  processor,  the  collector. 
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* ■ ■ ’ © Interrupt  Structure  • ■ , .'I  " 

Specific  interrupt  locations  are  assigned  within  the  lower 

addresses  of  a main  or  extended  storage  module  as  specified  by  a 9-bit 
module  select  register  (MSR).  These  interrupt  locations  are  programmed  to 
capture  the  interrupted  address  and  enter  interrupt  response  subroutines 
in  the  executive  system.  The  synchronization  of  input/output  activities 
'and  response  to  real  time  situations  are  accomplished  throuah  some  of  these 

interrupts.  I ! • ' ' ' . ■ : 

; _ Other  interrupts  are  provided  for  certain  error  conditions 

1 | I ■ * 

' detected  within  a CAU  or  IOAU.  These  may  result' from  a programming  fault 
i such  as  an  illegal  instruction,  a storage  parity  error,  or  a user  program 
..  violations  such  as  an  attempt  to  write  into  a protected  area  of  storage 
or  a violation  of  guard  mode.  -*y :■■■  . ■ 

; | ! 0 Program  Residenc,v/Non-Residency  i ; j 

; t 

.1  . '1100  Operating  System  supports  two  levels  of  program  seg- 

» j 

mentation.  One  level  is  the  classical  overlay  segment  which  physically,  via 
I/O,  replaces  part  of  an  existing  program.  The  program  bank  concept 
provides  a virtual  storage  mechanism  for  the  1100  series  programmer.  The 
Executive  System  in  this  manner  currently  supports'  a virtual  space  of  nearly 
* 67  million  36-bit  words  (over  267  million  bytes).  Half  of  the  banks  are 
available  to  the  programmer  for  the  individual  program  and  the  other  half 
is  reserved  for  common  routines  including  the  re-entrant  subroutines 
libraries.  Each  bank  (segment)  may  be  specified  as  static  (always  available) 
or  dynamic  (load  on  request).  Static  banks  are  kept  resident  in  memory  any 
time  the  program  is  active.  Dynamic  banks  are  loaded  upon  reauest,  and  if 
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space  is  needed,  are  the  first  to  be  removed  from  memory  when  the  program  is 
no  longer  accessing  them.  This  form  of  segmentation  preserves  the  contents 
of  a segment  when  a new  segment  is  accessed,  which  is  not  the  case  for 
overlay  segments.  The  1110  hardware  provides  bank  referencing  instructions 
: which  operate  as  subroutine  call  instructions  in  that  they  provide  for 
- return  to  the  callinq  bank.  • | - - - • ~r -- *- • • -r - *-,  I • 

1 - I : ; 1 

;"1  : • In  the  1110  System,  four  of  the  possible  510  banks  are 

| accessible  at  any  given  time  without  requiring  use  of  the  bank  referencing 
•: -instructions.  • • - - — t—  - - -•  


© Language  Processors  : i * : ; ; ; 

- The  UNIVAC  1100  Series  Assembler  __  _ 1 ' ;...j 

*"  ' '**  * "I  ' "■  ‘ ‘ i 

-The  UN  I VAC  -1100  Series  Assembler  translates  a symbolic 

i • i . | i . * 

• * i 

‘lanqUage  composed  of  brief  expressions  to  machine-language  relocatable  object 
' coding  for  the  UNIVAC  1110  System.  ' i 1 

"V  , : 1 

— ! -.r-,-  i— — FORTRAN  V . I !--j — ; • • 

! i ; | 

V"  ; FORTRAN  V has  all  the  features  of  the  proposed  American 

National  Standard  FORTRAN  IV  language  plus  many  valuable  extensions  which 

1 , I 

, 1 • 

- : significantly  increase  the  power  and  flexibility  of  the  language,  particularly 
, in  the  areas  of  data  handling.  ; ! ! ; ! . j 1 

* > * • • x \ 

’j  _ 1 . _,J_-  Libraries  (System  Utilities)  1 ___ 

• - • -j--The  system  includes  a set  of  auxiliary  processors  which 

i | 

'perform  functions  that  complement  those  of  the  source  language  processors 

such  as  . FORTRAN,  COBOL  and  Assembler.  This  set  of  processors  includes  the 
Collector  for  linking  relocatable  subprograms,  the  Prodedure  Definition 
Processor  for  inserting  and  modifying  procedure  definitions  in  a library, 
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the  ELT  Processor  used  to  insert  elements,  the  Data  Processor  to  introduce 
data  descriptions.  A comprehensive  set  of  library  elements  complements 

these  processors.  - - 

Included  within  the  Utilities  section  of  the  Executive 
System  are  diagnostic  routines,  program  file  manipulation  routines,  file 
utility  routines,  and  cooperative  routines  which  aid  the  user  by  performing 
such  functions  as  reading  cards,  printing  line  images,  transferring  files 
from  device  to  device,  and  carrying  out  housekeeping  functions  required 

for  file-residence  on  mass  storage  devices.  -- 

: • < • , • ; _ ! _ 

: - Math- Pack  ■ * \ ! 

, ; ! — i • ; • 

! ! ' Math-Pack  provides  the  UNIVAC  1110  System  with  a compre- 


hensive-library of  84  fundamental  mathematical  subprograms  coded  in  FORTRAN  V. 
: : , - Stat-Pack  • ’ ; ■ ; : ■ ' . ; 

■ -Stat-Pack  provides  the  UNIVAC  1110  System  with  a compre- • 

hensive  library  of  91  fundamental  statistical  subprograms  coded  in  FORTRAN  V. 

! ' i i • - Macro  | j / ! : ! ! 


i ! ! Extensive  macro  capability  (Procedures  or  PROCS)  is  an 

' ' ■'  ! ■ ; ' . 

integral  capability  of  the  Assembler.  ' -j ' - . •• 

t ; * ' ; i ‘ * ' 

° : ! 6 Computer  System  Accounting  1 ; i : ! 

To  facilitate  examination  of  user  environment,  UNIVAC  provides 
a system  within  the  Operating  System  to  collect  data  during  operation. 

This  performance  measurement  system  is  the  Software  Instrumentation  Package 


(SIP).  i:.'...1  . ; 

, j 

- SIP  consists  of  a set  of  routines  within  the  Executive  which 

collects  data,  and  a series  of  user-level  data  reduction  programs.  Statistics 

• \ *■ 


\ - 
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are  gathered  on  such  things  as  CPU,  storage  and  I/O  channel  utilization, 
file  placement  and  accesses,  etc,  -l  •• 

o C/SP  Software  1 “ ! 

The  software  support  provided  for  the  C/SP  is  designed  to  provide 
complete  flexibility  for  implementing  a symbiont  subsystem  and  for  handling 
communications  configurations  with  all  types  of  terminal  hardware  while 
maintaining  an  expedient  user  interface.  Coding  efficiency,  is  achieved  by 
the  utilization  of  a powerful  instruction  set  at  the  assembly  level.  System 
macros  are  also  provided  to  facilitate  the  user's  requirements. 

_ y.  Software  to  integrate  the  UNI  VAC  C/SP  effectively  with  the 

■ : * 

host  computer  system  is  supplied;  an  assembler  and  simulator  to  write  and 
debug  user  own  code  on  the  larger  system  also  are  included. 

. ...  The  software  package  is  divided  into  three  segments:  (1) 

resident  programs  and  routines;  (2)  programs- to  operate  under  the  host 
computer  executive  system;  and  (3)  modification  to  host  computer  elements. 

Each  of  these  segments  is  discussed  in  further  detail  in  the 

' : •!  : ’ : i I j -J  ; i 

following  paragraphs.  • *~j  - j — j — r — ; — •> - 

! ' | i ■-  Resident  Programs  j i | ' j j ‘ j : i j 1 

. : __  ■ | ! The  resident  program  software  elements  are  defined  as 

r . . 

programs  which  reside  entirely  or  partially  in  C/SP  main  storage  during 
their  execution.  Resident  programs  include:  ; j 


Operating  System 
Diagnostic  Routines  , 
Intercomputer  Handler 


The  UNIVAC  C/SP  Operating  System. comprises  various  program 


l . . , • - S.  . . i . . - \ 
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. modules  which  are  specified  by  the  user  at  system  generation.  When 
supplied  elements  are  used,  the  following  are  included: 

i - . Terminal  Management  Supervisor  (TMS) 

1 ; ‘ l \ ' 

' Message  Control  Program  (MCP) 

1 i Terminal  Management  Control  Routine  (TMCR) 

-i 4-..  ■ -j.  ' . < Communication  Control  Routines  (CCR) 

I " ' > i t | ; ’ j • 

■ Ti ; Symbiont  Control  Program  (SCP) 

i * I * V . * 

: 3 i 5 . 3 . 3 . 5 Environmental  Requirements  ! i ; 

. — - — i ! .;©  Electrical  Requirements  in  KVA  ....  

; . j I ' j ; — ; 1:1 , ; . ; i • 

| 1 — j.  Non- regulated  208  V,  30  TOTAL:  244.0 

e Air  Conditioning  ; j ; ; ‘ ; 

■_i !.  ] — L-...  ; BTU/Hr . . . 771  ,054  --  _. — -J__ J -I . 

: ' j • • ! ! : . • ' i i ■ ! : 1 

: CFM  *"  67,714  " "!  "! r— j — ~ v”''"'  ' ” 

i.i. 1 . ..j..  . . : ! ! . 1 ... 

0 Approximate  Floor  Space  ; ..  ; ■ 1 ; , 

— -j.—  . L— 1 J-..  5428  sq.  ft.  per  system  X 2 = 10,856  (gross  estimate  should 

i"~  f ‘ ; ' i"  ;be  less).  . ~"j  ;**  i i".",  j'"  V ' ’ . ' f ' ; 


3. 5. 3; 3. 6 Cost  Estimate 

• r ’ . 


j 

1 

i : ; i 1 

1 to  12  million  — T — : -j—  / 

• . 1 . : i ! 

L 1 , | ' ‘ : » , 

, ! j • : ! 

: ..  ;•  .!  . j . -j 

j i ; ; 

1 ' . • ! 

! ; ! ■ j | : | 1 

!•  : "'"j i~T“7 T'i . 

L ..!  L .J  i J L 4_  ! _J  , 

_ ; ■"("  f ; " i 

, f . 5 j J 

i ; I ‘ i • ; 

. 1 ■ I I-’;!’.;. 

"i"!  “T 

i 1 , i T 1 : i i i : 

[ 1 ! J 1 : ! ■'  ill 

■.  ! ; 1 1 
< i 

.......  f | j 

; ■ ' i 

j * . . • 

i,  _.L  . , 

: i ; ;'  ! 

. ! J * ! 

*;  ...1. . i..  . :.J 

:,<!*•  S 

/ . 1 _ J 

-J  ' • is 

* \ f *%i  * 

i i 

..  . L.  !..  . . 
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3. 5.3.4  Xerox  Siqma'9  Computer  System  : - • , • ' 

! ~ The  Xerox  Computer  System  consists  of  three  computer  complexes: 

' 

. 0 
0 

: - © 

One  for  the  motion  base  crew  station. 

One  for  the  fixed  base  crew  station. 

One  to  process  the  time-sharing  and  remote  batch  demands. 

....  ; The 

hardware  organization  of  each  complex  is  depicted  in  Figures 

3. 5. 3.4-1  and  3. 5. 3. 4-2.  : \ ; =-  ' 

3. 5. 3.4.1  Typical  Siqma  9 Host  Computer 

e 

Computational  rate  - 0.8  MI P _ s_ 

- ..... 

i 

■ - ; © 

| 1 

Access/Cycle  Time  - SOD  nanoseconds' 

— — 

© 

Overlap  Capability  - three  (3)  instruction  look-a-head 

; 1 
i 5 1 

Z J : !-  no  cycle  stealing  I/O  . 

— i - - 

Arithmetic  precision  . ..  ...  — ••• * 

i 

- Word  length:  32  bits  : i 

I 

■ ■ : -----  2i  3i 

- Fixed  point  range:  -2  to  2 -_1  ..j.  i . 

'!  1 | 

--  Floating  point  single  precision:  Fraction  X 16 

-64  _ lg63 

' T ' 

- - — :• — , -•!••- ■;  6 digits 

i 

i 

1 ~‘i 

\ , ' | 

- Floating  point  double  precision:  Fraction  X 16 

-64  _ .j663 

~ — *-  ( 1 ■ j 

< * • * 

• i ; ! i ! ! ! j • ....  ...i 14  digits 

' " l " • | . ; i-  ”j  ; 7 , i 

- 

...... 

H - - © 

! r i 

Instruction  Repertoire  . , — j — , r~ 



-.  Load/ Store  • ; ; : | j ; i i 

i — 

■ ? ! i 

; 1 

i ■ . • ! i j 1 1 ; : j l 1 ■ J i 

- Binary  . i : .i i_ +_ 

■ " : i i i ! • I : 1 1 

.......  . — 

— -■  - 

i i 

i * 

- Decimal  ; - i : i "■  ■ " j ,* — j~  • 

1 i 

; *• 

- Floating  Point  ! j f ; 

. ' . ... 

- Fixed  Point  ..  1__ L . . : ; . ; 

. ..... 

— 

• - • Logical  . - •.  , - - 1 . ----- 

. ‘ ! * j • . f • 

~ * r - 

’ ! ; 

' i ; I i ■ ’ ‘ • ; 41 

! ! i ; j ’ • : 

1 

; ” i ' ! \ 

j j ; ! ! , ! : 1 ' ' ! 1 ‘ ; 

..  ..  . . 
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“I"" 

..I.... 


- Test/Branch  j 

- Search/Compare 

• - Shift  ; : 

- Index 

; - Byte/String  Manipulation 

- Supervisory  • i 

© Registers:  16  general  purpose 

o Extensive  Interrupt  Structure 
Memory  Hierarchy  ! . j 

@ Main  Memory  (all  executable) 

1 - Size  - 

' ; ' 51 2K  words  (2048K  bytes) 

' - Speed  . j ' 

900  nanoseconds  — ; 

•»  • ! 

| ~ Type  " : yj— ^ 

i | ; ‘ Core  : _ ; : _._J !. ' j • 

j ’ * * ' ' • ’ : - 

- ■ & Sigma  does  not  support  bulk  or  non-executable  storage. 

I j : 

i Configuration  Features  ; ; > 

■ 0 Reconfiguration  . : 

; j i . • 1 

1 -j  ' ■ • Sigma  is  a flexible  hardware  system.  A total  reconfiguration 

capability  (e.g.,~  switching  of  CPU  buses,  I/O  channel  assignments,  etc.) 

can  be  provided.  , > j. 

- -J ---  © All  Sigma  computers  and  peripheral  products  are  totally  upward 

compatible.  : „ . | ; ; • i : 

‘ . e Redundancy  . .......  : . ; 

, i : . • ■ * 

...  j-  A totally  redundant  system  has  been  configured -which  emphasizes 


T 


-I 


ease  of  failover. 
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© Multi pathing  ‘ !.  : 

Sigma  is  designed  as  a multi-path  system.  Each  CPU  has 
its  own  data  path  to  memory  as  does  all  I/O  processors. 

3. 5. 3. 4. 2 Time-Sharing  Equipment  ’ _ 

Xerox  provides  an  entire  line  of  communication  products  including 
concentrators,  front  ends  and  RJE  terminals.  Items  of  interest  include: 

! | © Remote  Job  Entry  . ■ i • * : 

i " T 1 ’ ■ ! " ! " ""  " ' i'  T v i”":  " ' : " 

|.. . i ..  . j ....  Intelligent  terminal-  — — «---!  ■-*--!  • ’ 

• T i ; Xerox  530  ; | ; ■ \ . ; ; 

j J_J  _ DCT2000,  225  LPM  J. Lj.  i.;  ! ...  j 1 ; ; . 

-i-j ’-—--I -250  CPM,  2251  LPM  - - • I — J.  — L -.i ; 

^ ! J ! i I : ■ • = LJ 1 J j...  : ,!  : 

; e Interactive  Devices  , ’ , ' * I i ! ; 1 1 • ! . 

; , ; i _] ■ j . : i_  ... 

i„  Teletypes  * I * | I i 1_-L-  ,LJ  J-  i . : ' 

i I ■ : | t ■ ; *■  ' j ; : T f ' j I ! ' i . j 

TT- ;-r— r10  cps ; : ; " T ; T~T7TTT’:’T7’' 

1 r -1-  r~ j BC100,  BC200  " r ;■  n i ; ! ’ i I 

: ! ; : Display  Terminal,  8-color  option,  uo  to  9600  BAUD 

! • : i i , i 

3 . 5 . 3 - 4 . 3 On-Line  Peripheral  Equipment  ■ • 1 — | — ’ — j — ; • 

T i *“  , & Magnetic  Tapes  : - ; j . | j i { ; j i '■  j 

i 1 i i ! 9 track,  1600  BPI,  120KB  and  240KB  i__  _ j i j_  j 

■ ! | I i ''  ■ ’ 

J j--  - : —j----  9 track,  800  BPI,  60KB  and  120KB  -!-*•••  - -j—  j-j f 

'j  " j-"  ; | f - 7 track,  200/556/800'  BPI , 60KB  ‘ ' ", “ "j” ' ; ' '[ ]”'  ' 

T 1 i ' j • »*  ; * i”"  J*  | 

: ; : <§  Removable  Disk  - High  Density ; > ; ; » 

j •-  ! - 91  Mega  byte  drive,  41.5  ms  access,  513  KB  - : 

' " ® Fixed  - Head  Disk  , : ' • , 

j j - 6.2  + Mega  byte  unit,  17  ms  access,  ’384KB  • : 
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- 5.3  + Mega  byte  unit..  17  ms  access,  3.2KB 


© Card  Readers  - 80  column,  1500  CPM,  400  CPM 
® Card  Punch  - 80  column,  300  CPM,  100  CPM 

e Line  Printers  - 132  print  positions,  600'  LPM,  1100  LPM,  1500  LPM 
Operator  Interface 

© Console  - Teletype,  10  CPS  : ; 


' i ' e Maintenance  Panels  - included  in  hardware 
! : 0 Time  of  Day  - Displayed  every  minute  upon  operator's  console 

3. 5. 3.4. 4 Operating  System  - Control  Program  - Five  (CP-V) 

• T"V  The  core  requirements  for  CP-V  including  system  residency,  system 


buffers  and  transient  areas  is  32K  words.  Based  on  the  identified  require- 
ments, the  worst  case  overhead  for  CP-V  in  terms  of  instructions  per  second 


is  .2  MIPS  when  executing  on  a Sigma  9. 


CP-V  will  provide  a hospitable  envi ronment  .for  real-time  simulation 


software. 


j-  e CP-V  allows  the  user  to  access  and  control  up  to  two  (2) 

i * * ‘ ; ; ' 

real-time  clocks.  Each  clock  can  be  individually  set  to  any  of  four 
manually  switchable  frequencies:  The  commercial  line  frequency,  500HZ, 

i . ! ’ i 

2000u,  or  a user  supplied  frequency.  • • i 

H/-  , ! 

1 1 i o User  programs  can  establish  and  receive  interrupts  based  on 

time  intervals  using  the  M;5TIMER  facility  of  CP-V.  ; •„  ; _ f ; . 

*-■  - - — o User  programs  have  the  capability  to  initiate  and  synchronize 
'the  execution  of  additional  program  modules  through  the  GHOST  job  facility 

of  .CP-V.  ‘ ■ ...  . J...  . ! 
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' •'  @ cp-v  provides  for  dynamic  altering  of  execution  priority  for 

a task  based  on  the  functions  currently  being  performed  by  that  task  (I/O, 

- compute  bound).  • 

@ CP-V  provides  a sophisticated  priority  structure  for  execution 

based  on  that  task's  mode  of  operation  (batch,  interactive  and  real-time). 

The  selection  priority  for  mode  of  operation  is  defined  at  system 
generation  time,  but  can  be  altered  dynamically  by  the  operator. 

I 1 e The  Sigma  architecture  provides  an  extensive  interrupt 

---  structure  for  the  monitoring  of  external  events.  CP-V  provides  software 
support  for  controlling  of  interrupts  so  as  to  prevent  loss  of  data.  CP-V 
* also  allows  the  user  to  directly  service  selected  interrupts  if  he  so 

desires.  i - ^ . — , — ; , - , j ' 

; ~ ~ Global  and  Common  References  * j ; I 

i @ Most  of  the  language  processors  which  operate  under  CP-V 

— allow  the  user  to  declare  external  definitions  and  references  in  his  program. 

.These  include  the  following  processors:  ' j | ; I i i J _ 

: - Xerox  Entended  FORTRAN  IV  ; }_  .1  L ‘ . J.  .. 

, - f r . . i i i : ; i j : • ' 

. Xerox  ANS  COBOL  - , J -:r~r  “1 ' ! " 

’ t • ; 

T ° . j r - Xerox  META  Symbol 

' i ' Xerox  SL-I 

_• — . • ••  j — — j.  Xerox  FMPS 

:""i '."T i - xerox  Data  Management  System  : j ; 

' @ The  ability  of  program  modules  to  share  common  data  is  provided 

‘ -s  • • ; 

by  the  various  Xerox  language  processors.  - . 

■'  'The  Xerox  CP-V  operating  system  provides  a sophisticated 
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.linkage-editor  processor  called  a LOADER  which  allows  the  user  to  combine 

discrete  software  segments  into  executable  modules.  Xerox  language 

processors  generate  object  code  such  that  routines  written  in  different 

languages  can  be  combined  to  form  a single  executable  load  module  (i.e., 

a FORTRAN  main  program  may  have  subroutines  written  in  COBOL,  FORTRAN,  and 

META-SYMBOL  (Assembler)).  ; 

i - Interrupt  Structure  ; • . ' 

o The  Sigma  9 provides  a very  extensive  interrupt  system  including 

eight  internal  and  fault  interrupts,  twelve  traps  (program  faults),  two  (2) 

| ! I/O  interrupts  and  up  to  224  external  interrupts/  These  interrupts  are 

''-'controlled  through  an  elaborate  system  of  arms,  disarms,  enables,  and 

disable  flip-flops.  . . ; _ J • 

. ..  *e  Up  to  four  real-time  clocks  are  a part  of  the  interrupt 

system  and  can  be  monitored  by  either  the  user  or  CP-V.  i' ' 

! o The  handling  of  internal  and  fault  interrupts  is  reserved 

for  CP-V.  The  user  has  the  ability  to  handle  all  external  interrupts  or 

| let  CP-V  handle  them.  "'j 

, © The  I/O.  system  of  CP-V  allows  the  user  the  option  to  perform 

I/O  with  either  wait  or  no  wait  specified.  The  no  wait  option  allows  the 

" user  to  maintain  control  of  the  CPU  instead  of  being  forced  to  relinquish 

it  upon  initiation  of  I/O.  : j ‘ . ^ ; __  ; ‘ j.  , 

r i i * i ' i 

!.  The  CP-V  supports  both  the  paging  or  virtual  memory  technique 

and  the  overlay  technique.  The  virtual  memory  support  is  CP-V 1 s native 


mode  and  enhances  total  system  performance  and  throughput. 

: . i 

. ...  ; /-  Language  Processors  - • r-  - 

' © Xerox  entended  FORTRAN  IV  - (ANSI  is  a subset) 
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i-  ; 9 

Xerox  META-Symbol  (assembler)  - > . - '-•■■■;  - 

r , 

Xerox  ANS  COBOL I ; : : - -i- - p - 

■ f ' 

9 

Xerox  Data  Management  System  (data  base) 

9 

Xerox  SL-I  (continuous  system  simulator) 

; 

e Xerox  FMPS  (linear  programming  package) 


...  L ...  The. FORTRAN  Language  Processor  allows  the  user  the  ability  to 

insert  symbolic  code  (assembly  language)  statements  within  his  FORTRAN 

statements.  I ' i ’ > ! ; 

CP-V  provides  a host  of  libraries  for  the  user.  Included  is  a 

! ' 

system  utility  package  providing  file  and  system  maintenance  routines.  A 
. ‘complete  statistical  and  mathematical  library  is  available  from  the  Xerox 
.User's  Group.  To  aid  the  user  in  using  system  procedures,  a complete 

Macro  library  is  available.  User  libraries  are  easily  created  and  maintained. 

- * ’ 

CP-V  provides  comprehensive  statistical  gathering  packages. 

Not  only  are  standard  user  accounting  statistics  available  (job  execution 
time,  resource  usage  summaries)  but  also  statistics  reflecting  total  system 
usage  (I/O  rates,  I/O  volume,  CPU  utilization,  processor  utilization,  etc.). 
This  information  is  made  available  to  the  installation  in  a file  and  may  . 

. - . -H  • • • ' « , 

be5  accessed  on-line  or  in  batch.  Also  available  to  the  installation  is  a 

series  of  programs  which  runs  analysis  on  these  statistics  and 

"'I r ‘ ■ I i "1  ■ i i i 

/installation  to  better  their  system.  : ; ...  t l-.J. 

3. 5. 3. 4. 5 Environmental  Requirements  • h"  j I j~"' 

i ® Space  ; : I ; | | j 

: - a maximum  of  5550  sq.  ft.  will  be  required. 

■ ; ; ‘ 

”--r-  r-  • © Cooling  • 4 : "*■  : »!“*{'  v 

1 ■;  : ! 1 '!  t 

■ - 1,455,300  BTU/Hour  air  dissipation  . ! 

* ■ . • -j ' ' * * ~ <i  * •' 
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o Power 

- 488.8  KVA 

.3. 5.3.4. 6 Cost  Estimate 

$10  to  $11  million 


i * ' I 

» • « -4  - 
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4.0  Study  Results  . i ; 

I ; 

4.1  Software  Development  Plan  - •— 1 

The  SMS  software  development  plan  is  presented  in  Figure  4.1. 
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4.2  Software 

Developm 

ant  Schedule  ■ . . . . 

• - 

- MBCS  • 

- - 

Month 

DRL 

Activity/Milestone 

Plan  Block 

0 

- - 

Authority  to  Proceed 

1 ; ■ , 

-- 

Contract  Data  Package 

1 

3 

22 

PDR  Engineering  Design  Report 

6 

— 

Malfunction  Lists 

7 

34 

PDR  Data  Book 

" 8 

1 

32 

Interface  Control  Document  .. 

3 

40 

CPCEI  (Part  I) 

1 ' 9 

■ • • { ! 
. 4 . 

PDR  (MBCS)  ' ..  ' 

10 

i 1 ■ I ■ ; 

39 

Design  Review  Summary  Report 

n 

.7 . 

22 

CDR  Engineering  Design  Report  

. 13 

i ; i ; 

34 

CDR  Data  Book  ! 

14 

■ ; •"  . 

41 

CPCEI  (Part  II)  Preliminary  " j‘ 

- 15 

8 

. 

CDR  (MBCS)  i 

i6  ; 

, ! 

39 

Design  Review  Summary  Report 

i 17  ■: 

i 

24 

41 

CPCEI  (Part  II)  Final 

! 26 

. ;_J  . 1 25  . . 

_ - 

SATR  (MBCS)  1 

27. !...; 

31 

Programmers  Reference  Manual 

.28  ' . ; 

39 

Design  Review  Summary  Report 

* i 

l"-;  29  i 

’ : 26  ” 

t i 

FAR  (MBCS)  , ’ : ' ; 'T' 

i"  32  ’ ' ' i "’! 

1 ; | ; j : i 

FBCS  "'I  ' ; " 

. ; ! i 

«.  7 20 

_ _ 

Authority  to  Proceed  i 

: j — 'I  ■ 

-- 

Contract  Data  Package 

r i i;-  1 T ■ : 

: ’ ; 23 

22 

PDR  Engineering  Design  Report 
Malfunction  Lists  ■ , ; 

• i j 

; 6 

“ “ 

i ; 7 L ' f 

34, 

PDR  Data  Book  1 • 

l i 8 . 

i 1 

32 

Interface  Control  Document 

! 1 3'  , : ' ! 

i ’ • • '■  ’ 

40 

CP  CEI  (Part  I)  .“-j-  y 

•j “9 : • ■ : • 1 

* i ■ , ? 

' i 24 

_ — 

PDR  (FBCS)  ’ T i ; 

i 10 ! ! 

[ . 

39  " 

Design  Review  Summary  Report 

11  . 

■ « ; ■ : 1 

‘ ‘ * : 

’ 1 : 1 ’ . ' 

\ ' \ i • j 

’ _ ; i 4 ; 

> 

e ' ; 

■ . . ' 0 

; : : : 

\ , » < ’ 5 

. I ! 

! * , 

i 
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Month 

DRL 

Activity/Milestone 

Plan  Block 

26 

22 

CDR  Enqineering  Design  Report 

13 

34 

CDR  Data  Book 

14 

, 

41 

CPCEI  (Part  II)  Preliminary 

15 

27 

_ 

CDR  (FBCS) 

16 

. . 

39 

Design  Review  Summary  Report 

...  1 7 

39 

41 

CPCEI  (Part  II)  Final 

26 

1 ....  . 40  ..  . 

-- 

SATR  (FBCS)  • — >. 

> i 

27  : ...  - 

t 

- 32  - -• 

.; 41 

. 
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FAR  (FBCS)  ' ' 1 

...;..  r:;'.  Li.:;;;r:n7 

1 ' ; ■ ; 
’ . ! ; ’ 

f 1 
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4 . 3 Risk  Evaluation  1 [ . 

’ - • . p*  • i » '*  * 

4.3.1  Software  , | . 1 . ...  . 

.Results  of  the  SCD  indicate  that  practical  methods  of  simulation 
are  available  without  a necessity  of  new  technique  development.  In  most 
cases,  a number  of  concepts  can  satisfactorily  fulfill  the  requirements 
at  approximately  the  same  cost.  In  others,  the  cost  trade-offs  and 
desirability  of  the  method  for  training  requirements  is  not  too  obvious 
due  to  lack  of  detailed  data.  The  conceptual  designs  could  change  as  more 
analysis  is  made  and/or  more  data  becomes  available.  'f"7  ‘ ; 

4.3.2  Computer  Complex  Configurations  * i i ; i : 

j ..  The  candidate  computer  complex  configurations  defined  in  Section  3.5 
of  the  SCD  are  operative  with  respect  to  the  simulation  and  time-sharing 


; requirements  of  the  SMS.  Further  detailed  evaluation  of  these  configurations, 
both  hardware  and  software,  will  be  made  during  the  base-line  definition 
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SSME  SIMULATION  REQUIREMENTS  1 , 

!i  1 i : 

• 

I. 

Temperature  Limit  Control  Ranqe  and  Nominal  Control  Point  Values 

i 

• II. 

Engi ne 

Limit  Control  Shutdown  Parameters 

- • 

III. 

Failure 

Mode  Identification  ” j 

IV. 

Vehicle 

To  Engine  Commands  ! • 

V.  . 

Engine 

j ; i i 

Status  Transmitted  to  Vehicle  - , --J — <■  ■ - 

* ; 1 

VI. 

Status/Recorder  Data  Transmitted  to  Recorder  ' - 

v • 

.VII. 

Vehicle/ Engine  Command  Code  Format  ' 

: > . ; 

vm. 

Engi ne 

Status  Word  ■ - ••  - - i - • L .i.  i...  ... 

, ; 1 ■ 1 ; 1 : 

' : t 

l 1 

: IX.  ; 

Sensor  Ranges  • > : 1 i i ’T”  ' ' ; " • "V 

i 

J 

j.x: 

Sensor 

Data  Reasonableness  and  Comparison  Test  Requirements 

i 

xi. 

;F1  ight 

< j .'  i 

Sensor  Data  Processing  Functions  -----  !■ — 

: 

XII. 

Malfunction  Mode  Identification  and  Responses  "•*  

1 : 

‘ \ i \ ( 

XIII. 

Operational  Function  Requirements  for  Start  Preparation 

-r  XIV. 

Propellant  Conditions  Required  for  Engine  Ready  Status  Signal  

XV. 

Operational  Function  Requirements  for  Engine  Start  Sequence 

• • - 

.i  XVI.. 

.Operational  Function  Requirements  for  Engine  Shutdown  Sequence 
ifrorn  Mainstage  : ; \ \ ’ j ■’  ; 

XVII > 

Operational  Function  Requirements  for  Propellant  Dump 

. . ' ^ _ I __  1 

XVIII. 

Operational  Function  Requirements  for  Abort  Turnaround  — 

. — 

XIX. 

Operational  Program  Operating  Mode  Definition  i 

I ! i ' , ( : 

■ • ' I t 

These  tables  have  been  extracted  from  North  American  Rockwell  | 

documents  RC1007,  RC1010,  and  13M15000F.  The  tables  have  been 

■given  new  numbers  for  clarity  within  this  document. 

: ; 

i 

: . . J 4 : ; \ \ , 

i *’  ; **;’Y  " 1 : . f'  . ■ 

\ ■ : i 
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•  1 
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RC10G7 


R F V I?, ! O r I LETTER 
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TABLE  I 

T E K PER  A Y.  i J R E LI  K I X C O U T H O I.  S A H G E 
AND  NOMINAL  CONTROL 
PCI ’til  VALUES 


i 


Minim uk 
Control  Point 
Capability 

Nominal 
X*  X ui  X o 

Control  Point 

Maximum 
Control  Point 
Capability 

N ote 

High  Pressure 
Fuel  Turbo pump 
Turbine  Dis- 
charge Temp  - R 

1600 

1895 

2200 

1 

High  Pressure 
Oxidizer  Turbo pump 
Turbine  Discharge 
T p in  n — R 

1750 

2040 

2350 

1 

i 


i 


llotes 

1 


Temperature  limi 
either  of  these 
setting  by  more 


t control  logic  is  to  function  so  as  to  prev-out 
temperatures  from  exceeding  the  control  poxm. 
than  50  R for  more  than  0.5  second. 
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SENSOR  DATA  REASONABLENESS  AND  COMPARISON  TEST  REQUIREMENTS 

PARAMETER 

REAS  ON  AB  LEN ES S LI M ITS 

(NOTE  1) 

COMPARISON 

FAILURE 

NOTES 

MINIMUM 

MAXIMUM 

LIMITS  (NOTE  2) 

Low  Pressure  Fuel.  Turbopump 

Discharge  Pressure 

30 

375  psia 

4%  FS 

Discharge  Temperature 

36 

50  R 

0.  5 R 

5 

Flowrate  (Volumetric) 

4000 

18000  gpm 

10%,  1.5%  FS 

3 

cjuiiyh  Pressure  Fuel  Turbopump 

' 

Turbine 

Discharge  Temperature 

800 

2600  R 

100  R 

Shaft  Speed 

10000 

43000  RPM 

10%,  1.5%  FS 

3 

Low  Pressure  Oxidizer 
Turbopump 

* ' . . • . 

uj-jaujiarye  t'/ussure 

ISO 

550  psia 

4%  FS 

<tJH:Lgh  Pressure  Oxidizer 

Turbopump 

Discharge  Pressure 

1750 

6500  psia 

4%  FS 

Discharge  Temperature 

170 

200  R 

1.5  R 

4>Turbine  Discharge  Tempera- 

800 

2600  R 

100  R 

ture 

Shaft  Speed 

8000 

35000  RPM 

10%,  1.5%  FS 

3 

Oxidizer  Tank 
. Pressurant  Pressure 

1000 

6000  psia 

4%  FS 

• • 

Flowrate  (Volumetric) 

3200 

6800  gpm 

10%,  1.5%  FS 

3 

Main  Combustion  Chamber 

Pressure 

1100 

3500  psia 

4%  FS 

' 

Hydraulic  System 

Pressure 

No 

4000  psia 

4%  FS 

Minimum 

Actuator  Position 

All  Sensors 

-2 

102% 

See  Note 
« 
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SENSOR  DATA  REASONABLENESS  AND  COMPARISON  TEST  REQUIREMENTS 


PARAMETER 

REASONABLENESS  LIMITS 
(NOTE  1) 

COMPARISON 

FAILURE 

LIMITS  (NOTE  2) 

NOTES 

MINIMUM 

MAXIMUM 

^Pneumatic  Control  System 

NO 

95  psia 

4%  FS 

HPOT  Intermediate  Seal 

Minimum 

Purge  Pressure 

NOTES : 


1.  Unless  noted  otherwise,  these  requirements  apply  only  in  the  40  to  112-percent 
normal  thrust  range. 

2.  Comparison  Test  is  defined  as  follows:  ..  .. 

For  three  active  redundant  measurements,  the  value,  of  the  measurement 
being  tested  is  compared  with  each  of  the  other  two  measurements. 

The  Sensor  fails  the  test  .if  it  differs  from  both  of  the  other  measure- 
fflentS  bv  more  tkari  the  li»it.  faz  iwa  active  renunaunr  measurements, 
the  value  of  one  measurement  is  compared  with  the  other  measurement. 

A failure  is  assumed  if  the  comparison  limit  is  exceeded. 

This  is  a comparison  between  digitised  pulse  rate  signals.  Percent  is 
percent  of  full  scale.  First  number  is  for  operation  below  40%  NPL. 

Second  number  is  for  operation  at  40%  NPL  and  higher. 

Each  Sensor  output  is  compared  with  the  Controller  position  reference  for 
the  actuator  channel  associated  with  that  Sensor.  The  Actuator  position 
Comparison  Test  is  applicable  at  all  thrust  levels. 

These  cryogenic  temperature  sensor  requirements  shall  apply  starting  10 
minutes  after  initiation  of  propellant  recirculation  (Purge  Sequence  No.  3) 
during  the  Start  Preparation  phase.  They  shall  apply  starting  5 minutes 
after  initiation  of  propellant  recirculation  (Abort  Turnaround  Sequence 
No.  2)  during  AJoort  Turnaround. 

ABBREVIATIONS : 

FS  - Full  Scale 
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TYPE  OF  SENSOR 


Pressure 


<p  TABLE  XI 

SENSOR  CALIBRATION  CURVE  ITT  EQUATIONS 

TYPEOF  SENSOR  CURVE  FIT  EQUATION 


Performance  and  Limit 
Control  Temperature 
Sensors  (Note  1) 


P = B V + B 
1 o 

T ~ B/iv4  4 B-}y3  + B.V2  + B.V  + B- 
H J X 1 o 


X = B V + B 
1 O 

Q = B S + B 
1 o 

N ~ B S 


Position 

Volumetric  Flow  Meter- 
Turbine  Speed 
PARAMETER  DEFINITIONS 

B = Equation  Coefficient  (Data  Constant  in  Computer  Program) 

V . = Measured  Sensor  Circuit  Output  Voltage 
S = Measured  Sensor  Pulse  Rate  Output 
T = Temperature 

X = Position 

Q = Volumetric  Flow  Rate 

N ~ Rotational  Speed 

NOTES 

' Performance  and  Limit  Control  Temperature  Sensors  are  at  the  following 
locations:  HPOT  Turbine  Discharge 

KPFT  Turbine  Discharge 
LPFT  Discharge 
HPOT  Discharge 
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TABLE  XIII 

OPERATIONAL  FUNCTION  REQUIREMENTS  FOR. 
START  PREPARATION 


Operation 

$ PART  A - PURGE  SEQUENCE  NO.  1 (Oxidizer  System 

Update  Engine  Status  Word  to  Purge  Se- 
quence No.  1 mode  of  Start  Preparation 
phase  and  to  indicate  Engine  OK 


Time  from  Start  of 

Sequence  (seconds)  Remarks 

and  Intermediate  Seal  Purges) 

0 Begin  Start  Prcpara 

tipn  Phase 


$2  Energize  Emergency  Shutdown  Control  Valve 
<l>3  Energize  all  actuator  fail  safe  valves 


<j)4  Energize  HPOT  Intermediate  Seal  Purge 
Control  Valve 

5 Energize  GN2  System  Purge  Control  Valve 


Ver.i  fv  h’POT  - 

Pressure  is  greater  than  40  psia  * 


$7  Verify  Oxidizer  System  Purge  Pressure 
is  greater  than  200  psia 


$ U Verify  HPOT  Turbine  Seal  Purge  Pressure 


is  greater  than  200  psia 


PARI  B - PURGE  SEQUENCE  NO.  2 (Fuel  System  Purge) 

<{>9  Change  Engine  Status  Word  to  indicate  Purge 
Sequence  No.  2 mode 

10  Energize  Fuel  System  Purge  Control  Valve 

$11  Verify  fuel  System  Purge  Pressure  is 
greater  than  300  psia 


0.20 


0 


0.20 


Start  HPOT  Inter- 
mediate Seal  Purge 

Start  Oxidizer  Sys- 
tem Purge 


Note  4 
Note  4 


Start  Fuel  System 
Purge 

Note  4 


PART  C - PURGE  SEQUENCE  NO.  3 (Propellant  Recirculation) 


$12 

Change  Engine  Status  Word  to  indicate 
Purge  Sequence  No.  3 mode 

0 

»13 

De-energize  Fuel  System  Purge  Control 
Valve 

— 

$14 

fork  nisi 

De-energize  HPOT  Intermediate  Seal  Purge 
Control  Valve 

-It-?.  REV. 

— 

Stop  Fuel  System 
Purge 

Cut  off  HPOT  Inter- 
mediate  Seal  Purge 
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TABLE' XIII  (Continued) 


Step 

15 

<i>  16 

4>  17 

ej>  10 
cji  19 


Operation 


Energize  Lift-off  Seal  and  Bleed 
Valve  Control  Valve 

Verify  Oxidizer  Bleed  Valve 
Control  Pressure  is  greater  than 
650  psia 

Verify  Fuel  Lift-off  Seal  and 
Bleed  Valve  Control  Pressure  is 
greater  than  650  psia 

Verify  luel  System  Purge  Pressure 
is  less  than  50  psiu 

Verify  HPOT  Intermediate  Seal 
Purge  Pressure  is  less  than  30 
psia 


Time  from  Start  of 
Sequence  (seconds) 


Remarks 


0.20 


Open  bleed  valves 
Note  4 

Note  4 

Note  4 


CART  D 
<j>  20 

21 


" PURGK  SEQUENCE  NO.  4 (Fuel  System  Purge  after  Propellant  Drop) 

0 


Change  Engine  Status  Word  to 
indicate  Purge  Sequence  No.  4 mode 


4>  22 


23 


Energize  Fuel  System  Purge  Control 
Valve 

Verify  Fuel  System  Purge  Pressure 
greater  than  300  psia 

Verify  system  conditions  and  change 
Engine  Status  Word  to  indicate 
Engine  Ready  when  system  conditions 
satisfy  requirements  of  3. 2. 1.1. 4. 5 


0.20 


180 


Start  Fuel  System 
Purge 

Note  4 


foom  imxi-h -a  nev.s-t? 


NUMBER 

RC1010 

i ”"r  e Vi 

ISIOM 

LETTER 

RAGE  69 

c 

f 

L 

T • 

TABLE  XIII  (included) 


GENERAL  NOTES:  ' 

<!>1*  The  controller  response  for  a failure  to  satify  verification  test  speci- 
fied for  this  sequence  shall  be  as  defined  in  Table  Hi. 

2.  Unless  otherwise  noted,  functional  operations'  once  initiated,  shall  con- 
tinue until  changed  by  a subsequent  operation,  and  tests  made  to  verify 
a functional  operation  shall  be  terminated  when  tire  functional  operation 
is  negated. 

3.  Operations  listed  in  this  table  shall  be  performed  in  tire  listed  sequence 
and  with  the  indicated  timing.  Where  time  for  an  operation  is  not  stated 
the  operation  shall  be  performed  in  tire  least  time  practical  after  the 
previous  operation. 

Verification  of  pressure  level  with  a non-redundant  sensor  shall  be  per- 
formed by  comparing  the  sensor  output  to  a fixed  voltage  equivalent  to  the 
pressure  level  specified. 
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TABLE  XIV 

PROPELLANT  CONDITIONS  REQUIRED  FOR  ENGINE 
READY  STATUS  SIGNAL 


Fuel  Temperature  at  Low  Pressure  Fuel  Turbopump 
discharge  - R 

Less  than 

Greater  than 

Fuel  Pressure  at  Low  Pressure  Fuel  Turbopump 
discharge  - psia 

Less  than 

Greater  than 

Oxidizer  Temperature  at  High  Pressure  Oxidizer 
Turbopump  discharge  - R 

Less  than 

Greater  than 

Oxidizer  Pressure  at  Low  Pressure  Oxidizer  Turbo- 
pump  discharge  - psia 

Less  than 

<J> Greater  than 


4 2 
37 


50 

30 


170.5 

163 


120 

85 


A- 58 
3-23-73 


Fuel  Condition  based  on  LPFT  discharge  conditions  shall  satisfy  the  following 
requirements : 

Fuel  temperature  (TH)  shall  have  remained  within  a 0.6  R band  (peak-to-peak 
excursion)  for  at  least  the  previous  3 minutes. 

Fuel  subcooling  (T3H)  shall  be  equal  to  or  greater  than  0.6  R.  Fuel  sub- 
cooling is  defined  as: 

TSH  = A*  PH*  * 2-H3  * PH+C—  TH 


i 


* Asterisk  represents  multiplication  when  used  in  an  equation. 

**  Double  asterisk  represents  exponentiation  when  used  in  an  equation. 


form  mai-M-2  «ev.  s-e® 
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TABLE  XIV  (Concluded) 

Oxidizer  condition  based  on  LPOT  discharge  pressure  and  HPOT  discharge  temperature 
snail  satisfy  the  following  requirements: 

Oxidizer  temperature  (TO)  shall  have  remained  within  .a  1.5  R band  (peak- 
to-peak  excursion)  for  at  least  the  previous  3 minutes. 

Oxidizer  subcooling  (TSO)  shall  be  equal  to  or  greater  than  1.5  R. 

Oxidizer  subcooling  is  defined  as: 


TSO  = D*P0**2+E*P0+F-T0 


Parameter  Definitions: 


TH  ~ R measured  hydrogen  temperature  at  LPFT  discharge 

TO  = r _ measured  oxygen  temperature  at  HPOT  discharge 

1SH  = R - computed  hydrogen  subcooling 

TSO  — R - commuted  ormen  subcooiing 

PH  = psia  - measured  hydrogen  pressure  at  LPFT  discharge 

. PO  = psia  - measured  oxygen  pressure  at  LPOT  discharge 

A,  B,  C,  D,  E,  F = equation  constants 


* Asterisk  represents  multiplication  when  used  in  an  equation. 

**  Double  asterisk  represents  exponentiation  when  used  in  an  equation. 
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TABLE  XV 

OPERATIONAL  FUNCTION  REQUIREMENTS  FOR 
ENGINE  START  SEQUENCE 


Operation 

Update  Engine  Status  V7ord  to  Start 
Initiation  mode  of  Start  phase  and 
to  indicate  Engine  OK 

De-energize  GN2  System  Purge  Control 
Valve 

De-energize  Fuel  System  Purge  Control 
Valve 

De-energize  Lift-off  Seal  and  Bleed 
Valve  Control  Valve 

Energize  HPOT  Intermediate  Seal.  Purge 
Control  Valve 


Time  from  Start  of 
Sequence  (seconds) 

0 


Remarks 

Begin  Start  phase 


6 Energize  all  igniters 

7 Verify  spark  rate  and  voltage  of  all 
igniters 

.68  Ramp  Main  Fuel  Valve  full  open  at  200 
percent  per  second  actuator  rate 

0 Ramp  Chamber  Coolant  Valve  to  30  percent 
actuator  position  at  TBD  percent  per 
second  actuator  rate 

cjjlO  Ramp  Fuel  and  Oxidizer  Preburner  Oxidizer 
Valves  to  22  percent  actuator  position 
at  TBD  percent  per  second  actuator  rate 

611  Ramp  Main  Oxidizer  Valve  to  35  percent 
actuator  position  at  TBD  percent  per 
second  actuator  rate 

612  Verify  Fuel  System  Purge  Pressure  less 
than  50  psia 


Establish  fuel  flow 


0.10 


0.20 


Starts  ignition  flow 


Establish  main  cham- 
ber oxidizer  flow 


Note  5 


rORU  IUSi-K-2  3EV.  0-6* 
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.s.te? 

4)13 

<{)14 

4>15 

4>  16 
4>1V 

<bl8 

19 

4>  20 

4)  21 
4>  22 

4>  23 

4-  24 
25 

4>  26 
27 
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TABLE  XV  (Cent. 

Operation 

Verify  Lift-off  Seal  and  Bleed  Valve  Con- 
trol Pressure  is  less  than  50  psia  . 

Verify  HPOT  Intermediate  Seal  Purge 
Pressure  .is  greater  than  40  psia 

Ramp  Fuel  Preburner  Oxidizer  Valve  to 
28  percent  actuator  position  at  TBD  per- 
cent per  second  actuator  rate 

Initiate  closed-loop  thrust  control 
(proportional  error  control  only) 

Ramp  Oxidizer  Preburner  Oxidizer  Valve 
to  38  percent,  actuator  position  at  TBD 
percent  per  second  actuator  rate 

Verify  Oxidizer  System  Purge  Pressure 
less  than  50  psia 

Verify  HPOT  Turbine  Seal  Purge  Pressure  i 
less  than  50  psia 

Verify  Main  Combustion  Chamber  Pressure 
greater  than  chamber  pressure  at  5 per- 
cent NPL  and  less  than  chamber  pressure 
at  20  percent  NPL 

Change  Engine  Status  Word  to  indicate 
Thrust  Buildup  mode 

Activate  integral  thrust  error  control 

Start  increasing  thrust  reference  ramp 
to  command  level  at  3200  lb/10  ms  rate 
(See  Note  4) 

Ramp  Main  Oxidizer  Valve  full  open  at 
35  percent  per  second  actuator  rate 

Initiate  scheduled  operation  of  CCV  as 
a function  of  thrust  reference  when  the 
Thrust  Reference  reaches  MPL 

Initiate  scheduled  operation  of  the 
MOV- and  MFV  as  a function  of  computed 
thrust  when  the  computed  thrust  reaches 
NPL 

Initiate  closed-loop  mixture  ratio 
control 


nued) 

Time  from  Start  of 

Sequence  (seconds)  Remarks 

Note  5 


0.50  Build  up  fuel  turbo- 

pump power 


0.60 


Build  up  oxidizer 
turjxjpump  power 

1.00  Note  5 


Note  5 

1.90  Verify  ignition  and 

adequate  start  thrust 
See  Figure  6. 


Start  thrust  buildup 


2.00 


2.40 

(Typical ) 


• 3.25 
(Typical) 


3.25 


F0HM  fT  I M - H - Z KCV.  5 -CO 
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TABLE  XV  (Concluded) 


Time  from  Start  of 


Step 

Operation 

Sequence  (seconds) 

Remark  s 

20 

Change  Engine  Status  Word  to  indicate 
Normal  Control  mode  of  Mains tage 

— 

Begin  Mainstage 
phase 

29 

De-energize  all  igniters 

— 

GENERAL  NOTES:  ■ 

4’1.  The  controller  response  for  a failure  to  satisfy  verification  tests  .speci- 
fied for  this  sequence  shall  be  as  defined  in  Table  III. 

2.  Unless  otherwise  noted,  functional  operations  once  initiated,  shall  continue 
vmt.il  changed  by  'a  subsequent  operation,  and  tests  made  to  verify  a functional 
operation  shall  be  terminated  when  the  functional  operation  is  negated. 

3.  Operations  listed  in  this  table  shall  be  performed  in  the  listed  sequence  and 
with  the  indicated  timing.  Where  time  for  the  operation  is  not  stated  the 
operation  shall  be  performed  in  the  least  time  practical  after  the  previous 
operation. 

4.  Switch  to  operation  with  vehicle  thrust  command  reference  after  ramp  reaches 
command  reference  value. 

5.  Verification  of  pressure  level  with  a non-redundant  sensor  shall  be  performed 
by  comparing  the  sensor  output  to  a fixed  voltage  equivalent  to  the  pressure 
level  specified. 
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. TABLE  XVI  ~- 

OPERATIONAL  FUNCTION'  REQUIREMENTS  FOR  ENGINE 
SHUTDOWN  SEQUENCE  FROM  MA INSTAGE 


Step 

Operation 

Time  from  Start  of 
Sequence  (seconds) 

Remarks 

PART 

A - SEQUENCE  TO  MPL  THRUST  REFERENCE  LEVEL 

4>i 

Update  Engine  Status  Word  to  "Throttling 
to  MPL"  mode  of  Shutdown  phase 

0 

Shutdown  normally 
begins  here 

2 

Start  decreasing  thrust  reference  at 
4800  lb/ 10  ms 

— 

3 

Start  Part  B of  Sequence  when  thrust 
reference  reaches  MPL 

No  t App  1 i.  cab  .1  e 

PART  B - SEQUENCE  FROM  MPL  REFERENCE  LEVEL 


4^4 

Change  Engine  Status  Word  to  indicate 

Mpjr.  4-^  rr*V,  j 

0 

4>5 

Ramp  Main  Oxidizer  Valve  closed  at  90 
percent  per  second  actuator  rate 

— 

4>6 

Ramp  Oxidizer  Preburner  Oxidizer  Valve 
closed  at  150  percent  per  second  actuator 

0.1 

rate 

7 Ramp  Fuel  Preburner  Oxidizer  Valve  closed  — 

at  150  percent  per  second  actuator  rate 

4>8  Ramp  Main  Fuel  Valve  closed  at  200  per-  .0.60 

cent  per  second  actuator  rate 

<{>9  Ramp  Coolant  Control  Valve  closed  at  50  — 

percent  per  second  actuator  rate 

PART  C --  SEQUENCE  AFTER  PROPELLANT  VALVES  ARE  CLOSED 

10  Verify  MFV,  MOV,  OPOV,  FPOV  and  CCV  1.15 

closed 

«j>ll  Change  Engine  Status  Word  to  indicate  — 

Propellant  Valves  Closed  mode 

4' 12  De-energize  HPOT  intermediate  Seal  Purge  2.05  Cutoff  intermediate 

Control  Valve  seal  purge 


FOlIM.RISt-ll-i  «EV.5-f.9 
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c± ...  ... 

' 

' 

TABLE  XVI  (Concluded) 

steP  Operation 

^13  Verify  all  purge  and  lift-off  seal 

pressures  less  than  50  psia  (Note  4) 
except  for  HPOT  Intermediate  Seal 
Purge  Pressure  which  shall  be  less 
than  30  psia 

14  De-energize  all  fail-safe  valves 

.4*15  De-energize  Emergency  Shutdown  Control 

. Valve 

16  Put  system  in  standby  condition  and 
. change  Engine  Status  Word  to  Post 
Shutdown  Standby  mode 


Time  from  start  of 
Sequence  (seconds) 

2.25 


Remarks 


Transition  to  Post 
Shutdown 


GENERAL  NOTES: 

91  The  controller  response  for  a failure  to  satisfy  verification  tests  speci- 
fied for  this  sequence  shall  be  as  defined  in  Table  III. 

2.  Unless  otherwise  noted,  functional  operations  once  initiated,  shall  continue 
until  changed  by  a subsequent  operation,  and  tests  made  to  verify  a functional 
operation  shall  be  terminated  when  the  functional  operation  is  negated. 

3.  Operations  listed  in  this  table  shall  be  performed  in  the  listed  sequence 
and  with  the  indicated  timing,.  Where  time  for  the  operation  is  not  stated 
the  operation  shall  be  performed  in  the  least  time  practical  after  the 
previous  operation. 

(j>4.  Verification  of  pressure  level  with  a non-redundant  sensor  shall  be  performed 
by  comparing  the  sensor  output  to  a fixed  voltage  equivalent  to  the  pressure 
.level  specified. 
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•TABLE' XVII 

OPERATIONAL  FUNCTION  REQUIREMENTS  FOR 
PROPELLANT  DUMP 

Time  from  Start  of 

Operation  Sequence  (Seconds)  Remarks 


I ART  A - SEQUENCE  TO  INITIATE  OXIDIZER  DUMP  (Oxidizer  Dump  command  received) 


$1 

Change  Engine  Status  Word  to 
indicate  Oxidizer  Dump  mode 

0 

2 

Verify  averaged  Hydraulic  System 
Pressure  is  3000  plus  560,  minus 
360  psia 

'' 

$ 3 

Verify  all  propellant  valves  closed 

— 

4 

Energize  Main  Oxidizer  Valve  Fail- 
safe Valve 

— 

5 

Ramp  Main  Oxidizer  Valve  full  open  at 
TBD  percent  per  second  actuator  rate 

Starts  oxidizer  pump 

1 PART 

B - SEQUENCE  TO  INITIATE  FUEL  DUMP  (Fuel 

Dump  command 

received) 

({>6 

Change  Engine  Status  Word  to  indicate 
Fuel  Dump  mode 

0 

<T  7 

Ramp  Main  Oxidizer  Valve  full  closed  at 
TBD  percent  per  second  actuator  rate 

— 

Stop  oxidizer  dump 

$8 

Verify  MOV  Closed 

9 

De-energize  MOV  Fail-safe  Valve 

0.7 

10 

Energize  Fuel  System  Purge  Control 
Valve  .■ 

— 

Start  Fuel  System 
purge 

$11 

Verify  Fuel  System  Purge  Pressure 
greater  than  300  psia 

0. 9 

Note  4 

12 

De-energize  Fuel  System  Purge 
Control  Valve 

10.9 

Shut-off  Fuel 
System  Purge 

$13 

Verify  Fuel  System  Purge  Pressure 
less  than  50  psia 

11.1 

Note  4 

14 


Energize  MFV  Fail-safe  valve 
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TABLE  XVII  (Concluded) 


££££ 

Operation 

Time  from  Start 
sequence  (Second 

of 

s)  Remarks 

015 

Ramp  Main  Fuel  Valve  full  open  at  TBD 
percent  per  second  actuator  rate 

— 

Start  fuel  dump 

16 

Verify  MFV  open 

11.5 

i 

0PART  C - SEQUENCE  TO  TERMINATE  PROPELLANT  DUMP 
ceived) 

(Terminate  Propellant  Dump  command  re- 

017 

Ramp  propellant  valve  full  closed  at  TBD 
percent  per  second  actuator  rate 

0 

Stop  propellant 
dump 

i 

0 18 

Verify  all  propellant  valves  closed 

0.4 

19 

De-energize  actuator  fail-safe  valves 

— 

20 

Return  system  to  Post  Shutdown  Standby 
mode  status 

■ — 

i 

GENERAL  NOTES: 

1 . 

4>1.  The  controller  response  for  a.  failure  to  satisfy  verification  tests  speci 
fied  for  this  sequence  shall  be  as  defined  in  Table  III. 


2.  Unless  otherwise  noted,  functional  operations  once  initiated,  shall  continue 

until  changed  by  a subsequent  operation,  and  tests  made  to  verify  a functional 
operation  shall  be  terminated  when  the  functional  operation  is  negated. 

^3.  Operations  listed  within  each  part  of  this  table  shall  be  performed  in  the  listed 
sequence  within  each  and  with  the  indicated  timing.  Where  time  for  the  operation 
is  not  statea  the  operation  shall  be  performed  in  the  least  time  practical  after 
the  previous  operation. 

4>4.  Verification  of  pressure  level  with  a non--redundant  sensor  sluill  be  performed 
by  comparing  the  sensor  output  to  a fixed  voltage  equivalent  to  the  pressure 
level  specified. 
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TABLE  XVIII 

OPERATIONAL  FUNCTION  REQUIREMENTS  FOR 
ADOPT  TURNAROUND 


Step 


Operation 


I 

I 


I 


PART  A - ABORT  TURNAROUND  SEQUENCE  NO.  1 

01  Change  Engine  Status  Word  to  indicate 
Abort  Turnaround  Sequence  No.  1 mode 

02  Energize  Emergency  Shutdown  Control  Valve 

03  Energize  all  actuator  fail  safe  Valves 

04  Energize  HPOT  Intermediate  Seal  Purge 
Control  Valve 

5 Energize  GN2  System  Purge  Control  Valve 

6 Energize  Fuel  System  Purge  Control  Valve 

fhy  n f«f  HPOT  =»  f*  O 

Pressure  is  greater  than  40  psia 

03  Verify  Oxidizer  System  purge  pressure  is 
greater  than  200  psia 

09  Verify  HPOT  Turbine  Seal  Purge  Pressure  is 
greater  than  200  psia 

010  Verify  Fuel  System  Purge  Pressure  is  greater 
than  300  psia 

PART  B - ABORT  TURNAROUND  SEQUENCE  NO.  2 

0.11  Change  Engine  Status  Word  to  indicate 
Abort  Turnaround  Sequence  No.  2 mode 

012  Energize  Lift-off  Seal  and  Bleed  Valve 
Control  Valve 

013  Verify  Oxidizer  Bleed  Valve  Control 
Pressure  is  greater  than  650  psia 

014  Verify  Fuel  Lift-off  Seal  and  Bleed  Valve 
Pressure  is  greater  than  650  psia 

015  Verify  system  conditions  and  change  Engine 
Status  Word  to  indicate  Engine  Ready  Mode 
when  system  conditions  satisfy  requirements 
for  Eng ine  Ready  in  3 . 2 . 1 . 1 . 4 . 5 


Time  from  Start  of 
Seauence  (Seconds) 


Remark; 


0 


0.20 


180.0 


Start  purges 


Note  4 


Note  4 


Note  4 


Start  propellant 
recirculation 

Note  4 


Note  4 


FORI)  RiM-lt-2  f!£V.  5-69 


A-68 

3-23-73 


NORTH  AMERICAN  ROCKWELL  CORPORATION 

CODE  I DENT.  NO.  02602 


NUM3ER 

(JEYiMOH  LETT uR 

PAGE  go 

ROT  010 

s\  i J ... 

1 

TABLE  XVI IK  Concluded) 

GENERAL  NOTES 

<f»l • The  controller  response  for  a failure  to  satisfy  verification  tests  specified  fcr 
this  sequence  shall  be  as  defined  in  Table  III. 

2.  Unless  otherwise  noted,  functional  operations  once  initiated,  shall  continue  until 
changed  by  a subsequent  operation,  and  tests  made  to  verify  a functional  operation 
shall  be  terminated  when  the  functional  operation  is  negated. 

3.  Operations  listed  in  this  table  shall  be  performed  in  the  listed  sequence  and  with 
the  indicated  timing.  Where  time  for  the  operation  is  not  stated  the  operation 
shall  be  performed  in  the  least  time  practical  after  the  previous  operation. 

<M.  Verification  of  pressure  level  with  a non-redundant  sensor  shall  be  performed  by 
comparing  the  sensor  output  to  a fixed  voltage  equivalent  to  the  pressure  level 
specified. 


I 

i 


FORM  R15I-H-2  REV.  5-0® 


NO R HI  AMI'. RICAN  ROCKWELL  COHrORATION 
CODE  IDENT.  HO.  02G02 


rumiiER 


RC 10 10 


flCVIS-.O:!  LETTER 

i i 'I  r — 


a 

0 

.£ 

• 

a 

0 

Li 

Ji 

15 

Vl 

4^ 

0 

0 

3 

0 

15 

0 

a 

■H 

fO 

0 

rD 

H 

rH 

V 

•H 

x\ 

•P 

r-i 

4J 

P 

to 

O 

d 

0 

A 

x: 

£ 

Vi 

0 

0 

0 

ro 

1/) 

>H  j 

*H 

-P 

■H 

0 

4-> 

iZ 

i 

-p 

ro 

X 

cz 

4-1 

•H 

CO 

0 

■H 

0 

0 

4J 

t — i 

in 

£ 

0 

0 

Vi 

U 

aJ 

to 

0 

<5 

G) 

c 

O 

Pi 

EH 

44 

Oj 

p 

■r4 

ip 

IQ 

< 

0 

O 

44 

■P 

O 

o c nn  n 

:<  id  o c a> 

o o o -U  's  .c 

a 'o  rcs  x c o 4-) 

P O *i  fj  O 'C  o 

fi  3 X 4-1 

10  ,C  t)  4J  3 . 

.-t  >-i  to  cu  (i)  x • 

Id  I L H U)  El 

w e 4J  ai  o,  to 

.-i  m to  x s 0)  0) 

a o o c o rc  x 


ra 

w 

0 

u 

u 

r: 

Di 

0 

1 

P-i 

£ 

iz: 

Qi 

G> 

> 

0 

£ 

JT:J 

p 

O 

Vi 

Vi 

w| 

.C 

,c5 

b 

.Q 

0 

:5 

Q) 

c 

0 

p 

10 

O 

\ 

D 

4-J 

P 

'd 

Vi 

• 

Q 

N 

G» 

0, 

a 

•H 

Gi 

oi 

O 

p 

>1 

P 

O 

•H 

p 

Pi 

V4 

s 

w 

4-i 

p 

C 0 

'd 

& 

D’1 

O' 

c; 

0 

p 

t/j 

O 

x: 

£ 

'V 

0. 

w 

•H 

0 

£ 

• 

3 

G) 

0 

Oi 

cH 

0 

to 

0 

0 

t\ 

N1 

K 

U) 

•P 

'0 

0 

P 

£ 

a 

to 

-p 

Vi 

Hi 

O 

0 

Q) 

P. 

0 

0* 

tr* 

10 

0 

0 

01 

Q 

Pi 

,Q 

G 

P 

c: 

Pi 

S 

rtf 

'D 

U; 

aJ 

4-> 

M 

0 

Li 

w 

0 

O’ 

0 

•r-i 

O 

a 

rc 

0 

0 

£ 

rC 

X 

X 

if) 

O 

D 

,c 

Qi 

(Jl 

cu 

Oa 

Pi 

cu 

0 

4J 

0 

Li 

Cl 

*r*i 

4i 

Cu 

u> 

-Q 

< 

< 

•3  (0  x Li 
01 

U)  -P  +J 
•3  fj  tl  I# 
GJ  p 

c oo  e u 

S to  fi  ,C 
O Cl  13  44 
*U  li  Li 

4 J 0r>  cr>  c 
p a a y. 
,C  14  14  O 


44  0 'Cl 

<3  Ll  G> 
ai  q<  g 
to  .c  X!  fi 

-I  44  14  id 

>4 

C C G)  D1 
•<  -3  U O 

o a >4 
'a  0 o cu 
4J  tr>  p 
P rd  D*  0 


Ei 

1 SI 

LQ 

Di 

Qi 

rd 

0 

ti'4 

^-4  | 

M 

to  10 

10 

P 

-e- 

0 

1 

C5 

d» 

1 — * 

0 

r-l 

Ll 

2 

£ 

Q) 

9 

0 

rQ 

O 

0 

0 

M 

•H 

& 

*H 

Li 

tr> 

2 • 

V4 

H 

0 

4J 

Li 

44 

(0 

44 

a 

1— 1 

r 0 

H 

rQ 

Z 

0 

0 

• 

a 

■H 

0 

2 

O 

Li 

rC 

TL) 

0 

4J 

. Ll 

10 

M 

If) 

u 

0 

u 

ft5 

>1  X 

C 

X 

•H 

0 

r—| 

4-J 

u 

i-i  C 

0 

• 

np 

1-3 

Li 

0 

(0 

X 

0 

r-i  O 

•H 

0 

Li 

4J 

0 

*51 

3 

v^ 

•ri 

0 

cu 

0 U 

4^ 

> 

in 

10 

•P 

>4 

X 

4-i 

.p 

3 

0 

P 

O 

•H 

Q) 

P 

-r-l 

Dl 

£ 

•H 

Li 

W X 

C 

44 

a 

V-i 

£ 

O 

•rj 

O 

,C 

w 

g 0 

p 

y 

2 

eC 

•H 

O *3 
0 Li  44 


44  O 3 


1 

• 

0 

1 

e 

0 

V) 

0 

10 

0 

.-i 

Vi  u 

0 

CP 

1 

0 

0 

0 

3 Qi 

> 

Li 

Oj 

u 

Vi 

‘w 

10 

r—i 

3 

U 

£ 

tr» 

0 *o 

rd 

> 

Q, 

•H 

C) 

0 

c> 

t~{  * r4 

'•H 

'A 

Vi 

Lr> 

U 3 

C 

•H 

X1 

ft 

tO 

u* 

4J 

£ 

Li 

a 

4-J 

d'  -iu 

c 

O 

0 

0 

c 

ID 

C r-l 

rd 

> 

•H 

•H 

.— i 

V 

£ 

01 

r-i 

1 — 1 

3 

rd 

0 

0 

r£ 

0 r-i 

0 

,c 

c 

Li 

X 

r-i  0 

Ui 

t/1 

0 

X 

0 

3 c 

0 :< 

C 0 

Qi  *0  to 

4->  07 

0 p a 
X ,c:  Li 
M 01  Oi 

01  Q 
I O Li 

>3  -3  ft 
•3  44 
0 rd  C 
Li  S 'h 


c 

£ 

. 

rH 

•ft 

#-« 

0 

•ri 

1 

X 

w 

d 

M 

0 

rC 

0 

0 

0 

Li 

G) 

a 

c- 

X 

M 

O 

, 

O 

•ri 

•P 

P 

V) 

O 

ft 

X 

0 

14 

id 

X 

.a 

£ 

0 

4-1 

•r-l 

0< 

G) 

0 

•H 

D 

e 

•H 

X 

• - 

0 

c 

4-1 

0 

0 

M 

O 

0 

Vi 

rd 

Li 

a 

in 

U 

0 

Li 

0 

0 

H 

£ 

CO 

Co 

d 

ft  C 

Cl 

0 

>1 

p 

X 

0 

Oi 

& 

Vi 

M 

P 

0 

r~i 

0 

• 

M 

X 

X 

c 

p 

C 

X 

£ 

0 

0 

to 

>£ 

G~i 

0 

4J 

Vi 

0 

W -r-l 

*d 

2 

0 

U) 

O 

rd 

0 

0 

0 

M 

4-> 

Vl 

cu 

£ 

c X 

0 

CQ 

c 

2 

O 

•H 

m 

O 

in 

rH 

Vi 

A 

rH 

0 

0 

•H 

O -M 

0 

0 

X 

0 

0 

•» 

I 

Pi 

cu 

(0 

•H 

•p 

£ 

•r-l  C 

E-i 

•3 

X 

to 

w 

u 

X 

X 

15 

d 

Eh 

•H 

U 

10 

0 

44  pi 

•r-i 

to 

X 

U 

£ 

3 

cu 

to 

0 

0 

15 

£ 

IQ 

4-> 

O 

0) 

O -H 

G4 

2 

•H 

0 

•H 

X 

3 

Qi 

in 

10 

1 — i 

•H 

D 

W 

0 

0 

0 

c 

C 

ft 

£ 

X 

V4 

fi 

u 

Ll 

Q 

0 

0 

•H 

« 

c 

01 

x; 

v< 

3 O 

O 

2 

to 

0 

0 

0 

0 

X 

0 

»H 

rl 

d 

0 

VC 

H 

0 

4-1 

0 

EH 

X X 

O 

Li 

H 

*Q 

4-1 

u 

A 

X 

• — i 

O 

O 

X 

•H 

H 

X 01  >1 
>1  Li  44 
tD  X 3 C 
*3  44  O 

■0  3 0 
44  0 Li 

01  44  0 Jj 

3 *3  P,  -3 


O I C Li  Li  Ll 

0)  -3  O .0  C)  0)  P 

41  44  Li  -rl  N 44  CP 

X Hi  Oi  44  *H  C 

>4  U 3 H r— I 

01  Li  13  c c -h  m 

Co  O Cl  -3  p X 13  0 • 

U 0 L O C Ol  C 

3 04  Li  01  id  O 

Pi  0)  tO  3 C4  0)  -3 

C -354'  44 

XG>XG)w3<DRjRf 

B)3li«)»)H4.rili 
Li  D*  3 3 01  U 01  rCl  G) 

•3  GL  X X Li  C >1  0 Qi 

Li  10  to  ft  2 -3  GO  fi  O 


3 fi  3 
* — I 0 Li 
U 4'  0 
C 0}  P, 
■rl  IL  C 
O) 

0)  0 
1 c r-i  co 

O 0 Li 
•3  3 3 
44  ft  ft 


44  a o 

Li  *r4  I Li 

<3  U Di 
44  01  (3 

Ol  -3  3 0 3 

Cm  ’Ll  O 

0 >44  3 3 .,( 

Co  O O r-t  44 

Li  -3  • a 0 

3 0 44  01  C r— i 

Qi  0 0 01  -3  44  3 

(3  Li  0 co 
'0  0 3 Li  io  3 Li 

Li  3 Pi  03  p ri  -ri 

-H  CO  0 O O f-i  u 

.C  0 Ll  Li  -3  0 0 

Li  01  Pi  Qi  44  Q,  Li 


Ll  O O 


Qi  0 44 


0 

d 

x: 

£ 

V-i 

-p 

Li' 

d 

V4 

d 

Pi 

d 

oH 

0 

O 

0 

V<: 

ti-i 

0 

P-41 

to 

0 

1 

in 

rC 

1 

0 

£ 

u 

• 

0 

0 

3 

>< 

O 

rH 

O 

0 

•H 

£ 

0 

0 

c 

0 

Vi 

X 

rH 

d 

0 

V 

4-1 

4-1 

•e- 

15 

Vi 

V-i 

O 

u 

0 

3 

ro 

rd 

0 

f — i 

to 

CO 

0 

d. 

Vi 

4-> 

0 

O 

0 

d 

0 

d 

rd 

0 

X 

. Vs 

X 

rd 

d 

| 

1 

4-> 

0 

0 

0 

e 

r — 1 

rd 

> 

cr1 

O 

A 

15 

in 

d 

•H 

O 

E 

•p 

£ 

0 

0 

d 

to 

rH 

•H 

a> 

0 

0 

Cn 

U 

4-1 

Vi 

c 

54 

* 

P 

44 

O 

rd 

O 

4-1 

c 

>-• 

O 

r* 

4-1 

0 

C 

Vi 

c 

•H 

0 

rd 

X 

•H 

d 

0 

0 

Pi 

O 

0 

41 

0 

\ 

O 

0 

EH, 

£ 

Vl 

6 

O 

O 

Pi 

•rl 

rd 

0 

A 

c 

4-1 

15 

15, 

£ 

0 

44 

CU 

Vi 

01 

* 

>i 

•H 

■P 

•ri 

d 

1 — 1 

•H 

Vi 

t> 

4-i 

0 

d 

O 

O 

G) 

to 

0 

*. 

r — 1 

If) 

JZ 

0 

O 

ft 

4-1 

c: 

0 

4-> 

0 

•P 

£ 

0 

M4 

0 

c 

0 

0 

t- 

•r-i 

15 

£ 

— i 

V 

G> 

0 

0 

0 

43 

r~i 

M 

i2 

P 

•H 

d 

A 

Vi 

rd 

•H 

4-> 

If) 

rd 

£ 

0 

0 

4-1 

d 

•H 

0. 

0 

.p 

0 

Vi 

d 

0 

••-1 

Cl 

ci 

2; 

rd 

u 

Vi 

O 

-P 

Vi 

4-» 

•H 

£ 

H 

Qi 

•rf 

0 

U 

rH 

0 

•H 

15 

rd 

4-1 

£ 

Pi 

M 

X 

M-i 

0 

•rl 

a 

0 

£ 

0 

4-1 

to 

fi 

0 

4-1 

■H 

d 

U 

0 

.£ 

fd 

Vi 

'0 

rd 

O 

r*  ' 

* w 

d 

ft 

< 

Pi 

r' 

0 

Qi 

O 

q 

•ri 

O 

£ 

0 

Vi 

U 

d 

r* 

0 

OJ 

5 

0 

£ 

4-! 

Vi 

0 

< 

to 

0 

O 

a 

C 

£ 

4-1 

£ 

0 

0 

rd 

rd 

•H 

0 

> 

F; 

Cl 

» — I 

d 

0 

4-i 

> 

C4 

CJ 

04  O O G4  3 

O 44  -.4  D 01  R 

44  c to  ••■4 

C 10  3 id  07 

O Li  Li  fi  L,  W 

•H 10  Xi  Li  Q,  -H 

44  X -3  0 0 

‘3  ll  r~l  01  r-i  10  tO 

44  3 3 Ll  C Ll  0 

3 C O 0 Li  O Li 

Qi  Q,  44  01  CO 

fi  :>i  0 c i.:  0 

C 0 X ‘14  O 0 1 1 

U X 44  o U to  Qi 


FORM  NISI-ii-2  nev.  3-6*1 


A-/0 

3-23-73 


NORTH  AMERICAN  ROCKWELL  COLORATION 


CODE  ICf.NT.  NO.  02602 


SSUMUER 

RcvTsfosi.l.ET'i  .C"  | 

RC1010 

la: 

! 1 

Li  _ 

3b 

FORM  R ISI-H-Z  RFV.  5-6"» 


